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EXECUTIVE SUMMARY

OBJECTIVE

The object was the development of the FORTRAN version of the Navy oceanic vertical
modcl (NOVAM). The model predicts the vertical distribution of aerosol in the first 6000 meters
above the ocean.

RESULTS

The NOVAM was developed from extensive marine aerosol studies from different
laboratories. The climax was a multimenu-driven interactive program that allows mouse
selection of menu items needed for the calculation. It includes graphics and editing capabilities
useful to the researcher. When used with an appropriate method to determine the profile
parameters, it could be used in a fully automatic mode in which the program could access sets of
data and produce an analysis of the data sets in an unattended background mode. The final
NOVAM code is intended, however, to be used in conjunction with a LOWTRAN/IMODTRAN
program and to supply the electro-optical (EO) propagation characteristics to the calling
program that are produced by the unique aerosol found in the marine atmosphere. It is written in
FORTRAN so it can be integrated into LOWTRAN/MODTRAN codes to improve model
performance in marine environment.

RECOMMENDATIONS

The model has several shortcomings that will be addressed in futture modifications. The
region of applicability leaves two areas not covered well by the model. First, higher altitudes,
various models developed by the U. S. Air Force and included in the LOWTRAN/MODTRAN
code will be more accurate. Second, propagation paths that graze the sea surface or pass through
the region within a meter or so of the sea surface are not adequately covered by NOVAM. This
problem is being remedied by a large-scale experiment off the Dutch coast sponsored by NATO.
Another shortcoming is the limited types of weather situations in which it is applicable.
Advances in these areas await development of models from the basic research community in the
future. Another area of concern is the use of the model in close-in coastal areas. Compensation
wasi introduced, but experience has shown this is one of the weakest parts of the model. It is the
author's opinion that a special coastal aerosol model needs to be developed that will adequately
take into account local sources of aerosol.
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INTRODUCTION

The need for a model to accurately describe the atmosphere's optical and infrared (IR)
properties of its meteorological state has been an important driving force for the Navy's electro-
optics research program. Ideally, this model should describe the optical and/or IR properties of
the atmosphere by using easily obtained meteorological data as input. Several atmospheric
"windows" exist in the molecular absorption of the electromagnetic energy through which trans-
missions in IR communication can take place. In these windows, the natural atmospheric aerosol
plays an important part in degrading the transmission of radiation from point A to point B. This
is done when the aerosol both scatters and absorbs electromagnetic energy. Of particular interest
to the Navy is the role natural marine aerosols play within the marine boundary layer (MBL) in
causing extinction at bnth visible and IR wavelengths.

The Navy aerosol model (NAM) was developed in the 1980s [1-31 to describe the marine
aerosol and its optical and IR propagation properties for the atmosphere's MBL from the local
meteorological parameters at shipboard level. IR extinction over the oceans is a function of
various meteorological parameters such as visibility, absolute humidity, relative humidity (RH),
and wind. The optical and IR properties of the MBL are related by this model to the meteorolog-
ical quantities that are measurable from a shipboard environment. The NAM model has certain
limitations, however, because it was developed from a limited database containing only
measurements made at or near the shipboard level. It is essentially a nondimensional model that
contains no real vertical structure. When the model is used in the MBL at levels away from the
surface, it must assume that the MBL is extremely well mixed and that the size distribuition of
the aerosol within this layer is constant from the sea surface to the top of the MBL. This may or
may not be a good assumption. With the addition of other types of observations and with our
grow ing knowledge of the mesoscale properties of the MBL, it is now possible to better take into
account the vertical structure of the MBL in making optical and IR predictions.

The NOVAM is developed from extensive marine aerosol studies from several different labo-
ratories including: the Naval Command, Control and Ocean Surveillance Center, Research,
Development, Test and Evaluation Division (NRaD, formerly NOSC), San Diego, CA; the Naval
Research Laboratory,Washington DC; the Naval Post Graduate School, Monterey, CA; and the
TNO Physics and Electronics Laboratory (TNO-PEL) The Hague, The Netherlands.

Several preliminary versions of NOVAM were developed over stveral years and tested for
both the programming integrity and the physical correctness of the modeling assumptions. Thus,
the basic concepts of NOVAM have been programmed in -,everal computer languages as the
model developed with time. The first limited versions were programmed in BASIC but when the
program became too complex for a BASIC type language, and thus too slow for applications, the
code was converted to TURBO Pascal for speedier operation on a typical personal computer
(PC). The Pascal programs developed into a user friendly PC program designed to exercise the
NOVAM code with real sets of data. The climax of this development 'vas a multimenu-driven
interactive program that allows mouse selection of menu items needed for the calculation. It
includes graphics and editing capabilities that are useful for the rt searcher. This program uses a
semiautomatic method of characterizing the atmospheric profile parameters that allows greater
operator interaction with the calculation. When used with an appropriate method to determine
the profile parameters, it could be used in a fully automatic mode that the program could access



sets of data and produce an analysis of the data sets in an unattended background mode. The
final NOVAM code is intended, however, to be used in conjunction with a
LOWTRAN[MODTRAN program and to supply the EO propagation characteristics to the
calling program that are produced by the unique aerosol found in the marine atmosphere.

As a result of this evolutionary development, it was found over time that certain aspects of
the program should be improved and others perhaps left out or simplified. The current
FORTRAN subroutine is based on the results of this previous work and testing. It is written in
FORTRAN so it can be easily integrated into the LOWTRANiMODTRAN codes to improve the
perfonrnance of these models in the marine environment. Being a subroutine, it is no longer an
interactive program, but requires a certain set of information supplied to it and produces a
limited utilitarian output needed for the larger scale programs. These features and improvements
"are incorporated into the Navy oceanic vertical aerosol model subroutine (NOVAMSR) code
presented here.

To meet this need, NOVAM was changed into the form of a subroutine written in the
FORTRAN language. It provides information on the optical properties of the aerosol at any
altitude and wavelength in the marine atmosphere. The subroutine gives additional information
not available in the development model. In addition to extinction and absorption coefficients at
altitudes, the subroutine returns the relative humidity and the set of lognormal coefficients
needed to reproduce the size distribution of the aerosol from which other characteristics of the
aerosol could be obtained, such as the phase function. The NOVAMSR is also an intelligent rou-
tine that uses as input a radiosonde profile data and automatically provides the significant profile
parameters needed for the NOVAM. Thus, the calculation can be done completely under
machine control without the interaction of a knowledgeable operator.

TESTING THE NOVAM CONCEPTS

The NOVAM concepts have been tested with data from several sets of field experiments
from different geographical regions of the world's oceans. These include the areas off the
California coast, off the Florida Keys, and off the Virginia coast. In each case care was taken to
assure that the air mass being measured was marine in origin and not freshly blown in fronTA the
nearby coastal regions. In all of these experiments, there were sufficient me'.eorological measure-
ments taken so all of the input meteorological data needed by NOVAM in both its surface
observation file inii- the radiosonde observation file were available. This included a certain
amount of redundancy in measurements to assure the accuracy and determine the size of the
error bars associated with them. In addition, profiles of the aerosol size distribution were mea-
sured and these data, when used with the Mie Theory, allowed profiles of "measured" aerosol
extinction to be determined. The experiment then consisted of comparing the "measured" and the
NOVAM predicted extinction profiles with each other to determine if NOVAM was indeed
working. It was determined that it is impossible to precisely measure the extinction profile with
present day techniques. There is usually a sufficient spread in "measured" extinction data that the
best that could be determined is an envelope of the "measured" data. In these tests, then, when
the NOVAM model predicted extinction values at any particular altitude that was within the
"measured" envelope, it was considered a successful prediction.

The first experiment in the evaluation process was in conjunction with the FIRE experiment.
FIRE stands for first [International Satellite Cloud Climatology Project], ISCCP P.egional
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Experiment. This was a series of profile measurements made with a tethered balloon on San
Nicolas Island, CA. [4,5,6].

The second experiment was done in the semitropical waters to the east of the Florida Keys in
an experiment called KEY-90. [7,8,9,10]. In this experiment, the surface observations were
made with an instrumented fishing boat. Meteorological and electro-optical measurements were
made with aircraft, balloons, and lidars.

The third sets of measurements were made with aircraft profiles in conjunction with the
InfraRed Analysis Measurement and Modeling Program (IRAMMP) project. Two sets of
measurements (1991 and 1992) were made off the Virginia coast and some of the data were used
to test the ability of NOVAM to operate in the western Atlantic scenario. The profile data in
these experiments came from the NRaD instrumented Navajo aircraft, while the surface observa-
tion file was made by a combination of available data obtained from shore stations and other
sources.

THEORY

This version of NOVAM recognizes three types of meteorological profiles. They are differ-
entiated by the characteristics of the temperature profile in terms of the existence or nonexistence
of temperature inversions. Three cases recognized by NOVAM are

1. No inversion The free convection mode

2. Two inversions The weak convection mode

3. One inversion The developed boundary layer.

The NOVAM is, however, an aerosol model not a meteorological model. It looks at the mete-
orological data and then estimates what is happening to the scalar contaminants, such as aerosol,
and how they are transported throughout the atmosphere. The optical and IR properties obtained
from this model describe the effects due to the aerosol loading of the atmosphere. Molecular
effects are well described with other types of models such as LOWTRAN or MODTRAN when
they are operating in the aerosol "free" mode. These effects should be kept in mind when
comparing the total extinction measured from instruments and the aerosol extinction due to
atmospheric aerosol and molecular extinction, due to the molecules in the atmosphere. Fortu-
nately the molecular composition of air remains relatively fixed with respect to time and place
(with the exception of water vapor which can be easily measured) so that these results can be
well known.

The model does not attempt to describe the situations within clouds if they exist in the propa-
gation path. The sections of the propagation path in which clouds exist (when the RH approaches
saturation), a separate set of physical laws must be used to describe the properties of the cloud.
In these cases a separate model should be used for optical and IR properties within clouds. Like-
wise, if precipitation is present, the model cannot describe optical and IR properties from the
precipitation. In this case, the additional precipitation effects should be computed using an
appropriate precipitation model.

The aerosol size distribution has been represented by several different functional forms based
on the intuition of several different investigators over the years. The lognormal type functions
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have been used because there is a close relationship between statistical quantities and these func-
tions. The NAM and NOVAM use a form of lognormal that differs somewhat from other pub-
lished forms of the function. The reason for this is pragmatic in that it simplifies working with
the plotting of measured data on log-log plots and in transforming these data into other moments
of the lognormal for emphasizing important aspects of the data. Davies [11] in his description of
an aerosol size distribution used dN/dlogr as a lognormal function that has the form

dN 2.303N exp 1 l I

dlogr ,27r • log(ag) 2 LlogTos)J

where N is the total number of particles per cm 3 in the population, r is the radius of the particle,
r.. is the median radius, and log(og) is the standard deviation of log(r). Whereas in NAM,
Gathman [1,2&3], and here in the NOVAM formulation, the description of a population of aero-
sols is expressed as dN/dr and a slightly different form of the lognormal is used. Here it is
expressed as

!ý- =A exp -C lg[r.](2)dr f I
These two expressions are related to each other by

4V 1. dN 1
dr r dlogr log(10) (3)

This transposition influences the position of the mode radii however. In the first equation, the
parameters of the equation are statistical parameters of the population of aerosols. In the latter
equation, the parameters have graphical significance when plotted on a log-log scale. The
parameter A/f is the amplitude or maximum dN/dr of the function, f is a swelling factor that
represents the effect of RH on hygroscopic aerosol, r0 represents the mode radius, i.e., that
radius which coincides with the maximum dN/dr when f= 1 and C represents the "breadth" of
the lognormal. The factor f describes the change in size of the particle when it grows or shrinks
in different RH environments. The value of f is set to be 1 when the surrounding RH is 80% (the
mean RH found over the ocean). Thus, it is only important when the surrounding RH differs
from the mean value of 80%.

The relationship between the two forms are shown to be equivalent in appendix A of Smith
and Bates [12). Their results are summarized in equations (4) and (5) and express the NAM
amplitude, A, and width, C of the th component in terms of the statistical properties N, rio, and Gg

of the Davies distribution.

N exp 1 log2(ag) (4)
A 2= .- -. ro*log(ag) 2

C- 1
C = 1 -1(5)2 log.(ag)(5

Here the peak value in NAM is A1/f, and is at the place where

r = '-node = firio • (6)
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It is important to be able to convert between various moments of the size distribution. This is
because the size distribution of aerosol can be expressed as dN/dlogr, dN/dr, dN/dA, or dNIdV
where A and V are the area and volume elements of the derivative. It is a property of these func-
tions that can be easily transformed from one moment to another and still be represented by a
basic "lognormal" type of function described by different coefficients.

The various moments of the lognormal can be transformed into another lognormal form by
the following transformation. This handy transformation allows conversion of data into other
moments of the lognormal.

C2 -r' exp( _C3  (log2(L~))) = C4 -exp(-C3  (log2(_L)))

where C4 =C 2 • r' exp and r= ro • exp . (7)

Here n is an integer representing the moment of the lognormal, the C's , ro and r, are constants
and r is the variable.

In modeling these aerosols, several different species of aerosol are recognized and are each
distinguished here by their own "lognormal" distribution. The net effect of all of these species on
the aerosol size distribution is reliesented by the sum of all of these components. This modeling
process leaves open the prospect that other species of aerosol might be present. It is expected
that in the coastal regions and other special places, unique populations of aerosol exist and must
be represented by their own unique size distribution. These additional elements of the aerosol
population can be introduced into this model by adding additional lognormal or other types of
functions. When our knowledge is expanded as to the characteristics of the aerosol in coastal
regions and areas very close to the sea surface, additional components will be added to the
current description.

The single lognormal function (as seen in equation (2)) is described by four parameters. The
amplitude A is related to the concentration of the aerosol; the mode radius, r0 , refers to the "size"
of the most populous part of the distribution or the peak of the distribution at an RH of 80%; C
refers to the size diversity or breadth of that population; and the factor f refers to the growth or
shrinking of the particle size at relative humidities different than 80%. In the NAM and NOVAM
series of models, C has a value of 1 for all of the species of aerosol used and mode radii, r0 of
the various distributions has been empirically fixed at values of 0.03 Jm, 0.24 4.m, and 2.0 .tm.
The factor f will be different for each species of aerosol depending on its assumed chemical com-
position and will be a factoi of the surrounding RiH. The model assumes that the particles are all
in equilibrium with the RH of its surrounding environment. This leaves only the amplitude fac-
tors A, to be related to the generation and distribution processes at work at the sea surf- -- and in
the marine atmosphere. The Ai parameters are the key factors that relate aerosol size distribution
as it changes in the vertical regions of the atmosphere to the meteorology of the MBL. The
model assumes that all the mixing and other processes at work on the aerosol in the marine
atmosphere work only on four different sized aerosols representing the four size distributions.
Each size distribution is represented by a single size, ro j, and concentration, Ai, with an f facto,
of 1 and then at the levels of interest, the full-size distribution is expressed by these factors ano
the in situ RH is allnvv•.'2 to ch•,ge the f factor to represent the size distribution at that altitude.
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NOVAM further assumes that the aerosol size distribution is correctly described by NAM at the
ship level above the sea surface. Then the spatial distributions of the aerosol are represented by
changes from this surface value.

In general now, the size distribution of NOVAM at the altitAude z is repiesented as

dN(z) =3d Ai(z) f [(r 1121
dr j* • log (8)

where fj are functions of the RH. The values of r0i are given above, and the k4's are correction
functions, which correct the surface values to direct measurements of visibility and/or IR extinc-
tion when available. The functioning of the NOVAM code supplies the values of tLCe At(z). Now
that the aerosol size distribition is known at the altitude z, various optical parameters can be
obtained from this size distribution.

NOVAM uses the index of refraction of water from Hale ;,nd Query [131 and makes an
assumption on the chemical composition of each of the fou.r aerosol modes in the model. In the
smallest size classes, two chemical species of both soluble and nonsoluble aerosol are allowed. It
is known that the chemical composition of the soluble droplets change as a function of RH. A
perfectly dry particle has a complex index of refraction of the nucleus material. On the other
hand, in a very high RH envi:nnment, a hygroscopic particle will have changed size, taking on a
considerable amount of water v, ith the nucleus being dissolved into the witer. The net complex
index of refraction used in the Mie calculations for NOVAM is then assumed to be the volume
average of the index of refraction of water and the index of refraction of the nucleus material
using the method of H~nel [141. Each of the classes of aerosol in the model are allowed to have
their )-vn complex index of refraction. The amount of growth (represented by the f fuctor) for
each class also depends on the chemical composition of the nucleus of that class.

The first class is a nonsoluble aerosol present in NOVAM only when high amp are indicated
and is assumea to be dust with mode radius of 0.03 gnm. The refractive index for this "dust"
species of aerosol is taken from Shettle and Fenn [15] which is based on references [16 & 17].
Since this component is assumed to b%. ,ionsoluble, this class of aerosol does not change size
with changes in RH; thus, the optical refractive index parameter remains constant with changes
in RH.

The text aerosol species is assumed to be water soluble and is represented at an RH of 80%
by a lognormal also with a mode radius of 0.03 p•m. The chemical species of this aerosol is
assumed to be the Volz's general water-soluble aerosol described in reference [16].

These first two classes of aerosols are the background aerosol related to the air mass charac-
teristics and do not seem to respond to local wind parameters. Being air-mass dependent, how-
ever, it can be modified when transported over the ocean to the point of reference from the land
areas.

The third class of aerosol in the model is represented by a lognormal distribution that has a
mode radius of 0.24 ltm at the standard RH of 80%. This class is populated by marine aerosols
that have been produced by earlier high wind conditions that exhibit a relatively long residence
time and remain mixed thioughout the MBL once they are introduced into the atmosphere. It
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does not make much sense to say that the concentrations of these aerosol are related to the
current wind speed. They are, in effect, related to the history of the wind. In the NAM/NOVAM
simplification of the problem, the previous 24-hour average of the wind speed is an attempt to tie
this class of aerosol to a historical relationship with the wind.

The fourth and last class of aerosols is that of the largest nuclei originating from the sea sur-
face; this can be important in the propagation of IR radiation near the sea surface. These aerosol
are represented in the NAM by a lognormal distribution that has a mode radius cf 2.0 [im. The
amplitude of this mode is definitely related to the current wind speed and the current white water
phenomenon.

Finally, the volume extinction coefficient for any size distribution dN(z)/dr and any wave-
length within the range of application could be expressed by using the Mie Theory. Here of
course, we have to know Qt for the population of aerosol that is a function of the wavelength,
the radius of the sphere, and the index of refraction of the sphere doing the scattering or absorp-
tion of the EO propagation. This is expressed in equation (9) as an integration over the whole
population of aerosol sizes. A volume absorption coefficient can be calculated in a similar way
except that the Mie coefficient Qabs must be used instead of Qt. The volume extinction coeffi-
cient as a function of altitude is

,( r - tiN(z) r2 . dr

O)= 00" dr (9)

If we now substitute into equation (9) our formulation of the size distribution in terms of the sum
of four lognormal type functions we get

w Aj(z)

tflAz) - yj "exp -1 log r] r2] dr. (10),--o I Fro,' 7)

The integration and the summation can be switched in equation (10) so we really have a sum of
several integrals. The volume extinction coefficient is shown in equation (11), and using a
similar process, the volume absorption coefficient can also be calculated and this is shown in
equation (12).

rr
,b8¶(Z) 1-000 Q 5 ex{p -1 [lo) dr(

000 (z f [ ig r ]]r
I t~ob'(z) = l•Oi=0= f Q• .x I" \( )/ •dr12

This technique speeds up the calculations since the integrals can be calculated earlier and their
values stored as numbers in a lookup table. The NOVAM then only needs to address this table
and interpolate between values to obtain the desired values. This is done by storing the integrals
for four different relative humidities and for 40 different wavelengths for each of the four aerosol
modes in a table. NOVAMSR then needs only to do a table lookup and interpolation for values
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that do not happen to be one of the stored values. The integration was done using Dave's Mie
code [18] for the values of Qt and Qabs, and the integration was done in decades for the vari-
able r. Each decade was then numerically integrated using Simpson's rule with 90 strips. The
results of these integrations are stored in the program as logarithms for simplicity of storage.

FEATURES OF THE NOVAM SUBROUTINE

The NOVAMSR is called with six input parameters and seven output parameters. These are
shown in table 1 in the order needed by the subroutine along with a brief explanation and the
units needed by the program. A fuller explanation is given below to the types and kinds of data
used as input and output.

Table 1. The parameters of the NOVAMSR subroutine.

Input Parameters Explanation Units
Altitude Altitude of calculation meters
Wavelength Wavelength of calculation micrometers
The surface obs. data, Name and directory of the surface ASII text
SurfObsFileName observation file.
The profile data, Name and directory of the ASCII text
RSondeFileName radiosonde observation file.
DataType Description of above data file. "N" or "R"
Repeatfilag Use true to bypass analysis. LOGICAL "T' or "F"

Output Parameters
Extinction Volume Extinction Coefficient 1/km
Absorption Volume Absorption Coefficient 1/km
AO Mode 0, amplitude
Al Mode 1, amplitude
A2 MIode 2, ampli'tude
A3 Mode 3, amplitude
RI-I Relative Humidity Percent

INPUT PARAMETERS

Altitude

This parameter tells NOVAM at what altitude (in meters) the calculation is to be made. There
are restrictions in the values which this altitude can have based on the validity of the model. Alti-
tude must be between 9 meters and 6000 meters or the model will return an error flag of all
-999.9 data values on its call. At high altitudes, the upper atmospheric aerosol models developed
by the U. S. Air Force [19] should be usL, even over the oceanic regions.

Wavelength

This parameter tells NOVAM at what wavelength the scattering and absorption analysis is to
be calculated. It is expressed in micrometers and can range from 0.2 ýtm to 40 mim. The
subroutine will return an error flag of all -999.9 data if the wavelength is outside of this range.
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Surface Observation File

One of the required input files contains a set of shipboard-level surface observation data. The
kind, units, and order of these data are shown in table 2 and are self-explanatory except for cer-
tain items that are explained below. These values are to be provided in the units given and if
these observations are not available, a value of -999.0 indicates to the program that these data
are indeed missing and it will provide a default value. This surface data file has fewer elements
than the earlier files used with NOVAM codes. Therefore, caution must be taken to convert
earlier files to work with NOVAMSR. The data in the file must be real and in ASCII format. The
individual items in the list must be separated from each other by spaces. In addition, for values
<1, the decimal point must be preceded by a zero.

Table 2. Surface observation data file.

Position Meteorological Parameter
1 Sea Surface Temperature (C)
2 Air Temperature (C)
3 Relative Humidity (%)
4 Optical visibility (km)
5 Cunent real wind speed (m/s)
6 Averaged wind speed [24 hours" (m/s)
7 Air Mass Parameter (1..30)
8 Surface IR ext. (1/kin) @ 10.6 lt
9 Zonal/seasonal category (1..6)

Item 7 is the amp which is a number used to describe the general condition of the air mass. It
is a real number between 1 and 30, where 1 indicates a pure air mass without contaminants and
30 describes a worse case situation such as would be expected downwind of a large industrial
complex. It can be based on empirical judgment, or it can be related to certain measurements in
the MBL such as the atmospheric radon content, Rn, (expressed in (pCi/m3)) as

amp = Rn/4 + 1 (13)

or it can be related to t, the elapsed time for the current air mass to reach the point of observation
in the sea from a distant land mass. With this information, the expression is

amp = {9. exp(-t/4)} + 1 (14)

where t is expressed in days.

If the amp is not known, entering the value of -999.0 will permit NOVAM to estimate an
amp for the run by using other data. In the case where sea surface visibility is available, we can
calculate an "effective" amp using a simplified three-component NAM and the measured visibil-
ity.

This method assumes that the extinction in the marine atmosphere is because aerosols are
composed of three kinds of aerosols distinguished by their origin. All three are found over the
ocean in varying degrees. The model assumes that the size distribution of the three aerosol
classes can each be described by an independent lognormal function. The net size distribution
responsible for scattering and absorbing the optical/IR energy as it transverses a cloud of these
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aerosols is the superposition of the three classes. Given this net aerosol size distribution, the
extinction and absorption of optical/IR radiation can be calculated by using the Mie Theory as
discussed. The assumptions here are that the aerosols are spherical in shape and that we know
their index of refraction. Furthermore, if the aerosol nuclei are soluble as is the case with most
marine aerosol, then the size of the aerosol will change as the RH of the surroundings change.
Therefore, it is assumed that the final index of refraction of the mixed aerosol is a volume related
combination of water and the nuclei's index of refraction.

The following analysis shows how an approximate amp can be determined given the current
wind speed, average wind speed, RH, and visibility. First, a differentiation must be made
between the total extinction at visible wavelengths and the extinction at visible wavelengths due
to only aerosols. These differ by the Rayleigh extinction because of atmospheric molecules.
While the Rayleigh extinction can vary somewhat depending on temperature, pressure, etc., we
will use the value for Rayleigh scattering for air at 288.15 *K and 1013 mb which is&
0.01.162 (per kilometer), from E. J. McCartney's book [20].

Thus, if we have a measured extinction based on a scattering or transmission measurement.
or on a direct visibility measurement, it will include the Rayleigh extinction. This measured
visibility, Visk, is used to determine the amp. Then for . - 0.55 Jam, using the Koschmieder [21)
formula for the relation between visual range and total extinction, we get

- 3.912 (15)

Vis;.

The aerosol part of the above extinction, fPAo, is the value defined as the total extinction less
the Rayleigh extinction, i.e., JAO = f8A -fi,. When A = 0.55 ý.tm (visible wavelengths), we get

3.912
3912 = V --0.01162 (16)

The NAM assumes that each of the three components of the aerosol size distribution can be
described by a lognormal function as

"exp (-1 * [log(7,r,. y) ]2 (17)

dr I f

were the function Ai is defined for each of the i's as

A1 = 2000 - amp2  , (18)

A2 = MAX[5.866 . (W - 2.2),0.5), (19)

A 3 = 1 0 (0.06"w-2.8), (20)

where W_ and w' are the average and current wind speeds in m/s, and amp is the unknown amp.
The constants ri, r2 , and r3 are 0.03, 0.24, and 2.0, respectively.

The size parameter, f, is here for simplicity in this approximation to be the same for all
classes of aerosol and can be expressed as a function of RI-I for all relative humidities less than
or equal to 98% (Fitzgerald [22]).
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It has the value of "1" at an RH of 80%, which is the typical RIH found over the world's ocean.

The functional form of the size distribution can then be written in a simpler form as
dN--2 = Ai .S(ffr 

(2
dr f(22)

where
,2'

SiJJ,r) = exp {1 log 7r-f

The original assumption that w, w' and RH are known quantities means that all of the
parameters necessary to describe the size distribution of modes 2 and 3 are known. The size dis-
tribution of mode 1 is still undetermined since the value of amp is not known at this point.

If we use the Mie Theory, we can calculate the volume extinction coefficient for each of
these classes of aerosol for a wavelength of 0.55 gim as

_= ;r ýii -r 2 dr (23)i O af'O- dr

Substituting for dN/dr we get

i r. oAi QA • si(f r) 2 d , (24)

and the integralsj Qe.) Sff, r) r2 • dr are calculated as described above. There is a separate
value for each mode and RH. Using these values of RH for each mode, the volume extinction
coefficient can then be expressed as

; " Ai •Tj(RH) .(25)

1000oo f(Rr-)

Since for all of these cases, X = 0.55 tgm, we can find three functions, Ti(RH) of RH which
express these integrais for each aerosol mode. These functions were obtained by finding the
numerical value of the Mie integrals for four relative humidities of 50, 85, 95, and 99%. The
curves were fitted with the relatively simple functions with the assistance of a special software
package [23]. This package fits the input data points to over 7000 different equations and ranks
the results as to the least error in the fitting. The fittings here had the resultant equations for each
of the modes within the first four ranks. An example of the fitting of the data for mode 1 is
shown in figure 1.
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Figure 1. Plot of the fit of the TI(RH) function to the Mie
integral calculations for the mode 1 aerosol at X = 0.55 iim.
Note that for convenience, the y axis is the log10 of the
integral values.

The equations fo. each mode are shown in equation (26).

(a. + c RH) ( ) (d - g • RH) ) ( + n - RH)
TAWi(1H) + b R')= (1 + e.- RH)'T (1 + m • (26)

where a = -4.0581664, b = -0.00890166, c = 0.038432675
d = -0.64465936, e = -0.00899986, g = 0.007232437
1 = 2.019394568, m= -0.00900429, and il = -0.01670367.

The measured total volume extinction due to aerosols can be equated to that calculated by the
model as

fl.o = 2r•-- T1(RH) + fP2,.= 0. 55(RH, W) + P3,A o.55(RH, W'), (27)

where we have only the parameter amp as an unknown. The unknown can be determined
algebraically as

am of 2 =0.55(W v' + =°-0 55(I'!' w))28)
amp- T1 (RH)(8(RH)

In order to keep amp from becoming imaginary, PXo must be equal to or greater than the sum
of the extinctions of the second and third mode,

i.e., fi).O - f2,. A =0.55 + fl 3.). O0.55

In addition, we know from measurements, that amp should never be zero; therefore, the
following logical "IF-THEN-ELSE" evaluation is added to the relationship.
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IF -AO(W S) S; 0.02-r T, (R11) + Pf 2,)A = °.55(R H/ --) + 13, 0.-55(RH W' ) (29)

THEN amp =0.1

ELSE amp= - (f#2,A =0 55 (R'I2 W -/) + 3",) =°0 55(RH/w'))

E L E m 2 7'r -T I(R H-)/f(R W

The amp can now be plotted as a function of visibility for various sets of the meteorological
parameters such as RH, average wind speed, and current wind speed. Figure 2 shows the rela-
tionship between amp and visibility when there is no wind speed either average or current. This
is the "glassy sea" stage. Here, there is a small residual component of the mode 2 and mode 3
aerosols, but they are not being produced by wind-wave interaction. In this case, amp is a
straightforward functi,'n of the visibility.

VISIBIUTY vs. amp
AVERAGE WIND AND CURRENT WIND ARE ZERO

100$
80% -

50%

10

,oN,

95%

0.1 ' I ', ,II

0.1 1 10 100 1000

VISIBIUTY (kin)

Figure 2. Plot of the visibility and amp relationship from this model for
various relative humidities and with no current or average wind speeds. Note
that there are amps which can be greater than 10 for certain conditions.

The other extreme case is shown in figure 3 where we have strong concentiations of aerosol
being produced at the sea surface due to interaction of the wind and waves. In this case, there is a
significant extinction at the visible wavelength of 0.55 Vim produced by aerosol from the sea sur-
face, which must be taken into account. If our measured visibility has an aerosol extinction value
less than the extinction from modes 2 and 3, there is a logical problem since the total cannot be
less than the sum of its components. In this case, either the measurement is in error or the para-
meterization of modes 2 and 3 components of the model is wrong. In either case, when this
impossible situation occurs for whatever reason, the amp is arbitrarily set to 0.1.
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Item 8 in table 2 is a parameter that gives the model more information on which to base its
predictions. It is used to describe the IR extinction at the surface at the wavelength of 10.6 rim. It
is anticipated that data from such a device (several are now available on the commercial market)
will greatly improve the overall operation of the model. It will do this in conjunction with the
optical visibility by pinning down the surface extinction at two widely separate wavelengths.

VISIBILITY vs. amp

AVERAGE WIND AND CURRENT WIND = 10 m/s
100

10

050

ElO

w 99%

0.1

90%
0.01 -4 1 1ll i 1 1 I i 11i ! iai,

0.1 1 10 100 1-00

VISIBIUTY (kin)

Figure 3. A plot of the visibility and amp relationship from this model
for various relative humidities and with the average wind speed and
current wind speed set at 10 mrs. The plot reflects the condition that the
amp can never be less than 0.1.

Item 9 in table 2, the zonal/seasonal category, is a number betweer. 1 and 6 that signals to the
computer an approximate geographical zone where the calculation is to be used. This is used in
the default definitions where data from a climatic atlas [24] are used. If a value outside the limits
of 1 to 6 is used, the model assumes that a mid-latitude summer is the situation where the cal-
culation is being made. The number is selected from table 3.

Table 3. Zonal/global categories.

I Tropical winter
2 Tropical summer

- 3 Mid-latitude summer
4 Mid-latitude winter
5 Sub-Arctic summer
6 Sub-Arctic winter

Radiosonde Observation File

This is an ASCII file that contains the available information on the temperature and humidity
throughout the marine atmosphere. It can be obtained in several different ways. Profiles of the
vertical meteorological structure of the atmosphere are traditionally obtained with the
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radiosonde. This is a device that senses pressure, temperature, and RH and is lifted aloft by
either kites, free bal!.oons, or tethered balloons. The measurements are sent via radio to a ground
receptor that translates the signals into profile data. Other methods are also available for
obtaining this information such as from an instrumented aircraft. This method was used in the
NOVAM testing processes where the aircraft flew in a tight spiral either ascending or descend-
ing. NOVAMSR is set up so it will accept two kinds of profile data files. The files structures for
each of these types are described under the data types section.

Data Type

There are two types of data format for the radiosonde observation file that are recognized by
NOVAMSR. They are

1. The NOVAM form (N) consists of a "n X 3" matrix where "n" is the number of observa-
tions made. Each row of this matrix consists of the altitude at which the measurement is made
and expressed in meters, the potential temperature, E), at that altitude expressed in 'C, and the
mixing ratio at that altitude expressed in g/kg. An example is given in table 4.

Table 4. A NOVAM type radiosonde profile in the "n" mode.
Altitude (m) E (C) Mixing ratio (g/kg)
16.510 14.852 8.640

"2W.630 14.642 __8.850

39.940 14.504 8.780
48.710 14.383 8.820-
61.340 14.357 8.770

2. Another form of profile data (R) can be used, which is the output of a PP11 from a RS-80
RAOB SONDE system. It has the form of a "n X 5" matrix that contains the following
information in each of its rows: observation number, the log (basel0) of the pressure multiplied
by 104, the air temperature in 'C multiplied by 10, the RH in percent, and the pressure in
millibars multiplied by 10. An example is given in table 5. The calling parameter should be
either an "N" or "R" to indicate to NOVAMSR which type of data to expect when it opens and
tries to read the radiosonde observation file.

Table 5. An example of the radiosonde profile in the "R" mode.
1 30043 154 81 10099
2 30037 152 81 10086
3 30033 150 83 10076
4 30027 149 "- 83 10063
5 30022 _148 [ 84 110050

Repeat Flag

The repeat flag is a logical parameter that is used to eliminate repeated analysis of the
radiosonde profile every time the NOVAMSR is called. It should be "false" the first time a par-
ticular radiosonde data set is run. When this happens, the radiosonde preamble is calculated from
the input data and appended in front of the significant data file. This information is then used in
this and subsequent calculations with this particular radiosonde data set. The next time a call is
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made to this subroutine with this radiosonde data set, (assuming no other radiosonde data sets
have been used in the meantime) the repeat flag should be set to "true," and the duplicate analy-
sis needed in the first call to the subroutine will be eliminated.

OUTPUT PARAMETERS

Relative Humidity

This is the RH obtained from the analyzed radiosonde profile data at the referenced altitude.
This humidity may differ somewhat from the raw measure of RH at that altitude because it is the
humidity that the model obtained from the smoothed radiosonde data. It is based on the linear
interpolations of air temperature and mixing ratio obtained from the nearest significant level
-above the refcrence altitude and the nearest significant level below the reference altitude. Should
the referenze level be identical to one of the significant levels, then only the values at that signif-
icant level are used. This humidity is provided so it and the associated size distribution
paramr;ters will describe the same aerosol size distribution used by the model at the reference
altitu,•e.

Size Distribution Parameters

The size distribution parameters produced by the subroutine refer the model-generated AO,
Al, A2, and A3 terms of equation (8). Each of these reflect the "amplitude" of the lognormal
value of a particular component of the dN/dr size distribution, but it has not been adjusted for
RH at that particular height. An f factor must be calculated from the RH for each component if
the actual dN/dr of the aerosol size distribution is to be used. Given the size distribution, dN/dr,
various other calculations of optical properties of the aerosol can be made from a knowledge of
the Mie Theory and an assumption of the index of refraction of the droplets.

Extinction and Absorption Coefficients

The extinction coefficient given by NOVAMSR is related to the size distribution at the
reference altitude and is determined by the superposition of the lognormal components, which
are represented by amplitudes A0 , A&, A2, and A3. The growth factor £ is different for each
component and is given by Gerber's [25] formulation. The actual method of calculation of this
coefficient is shown in equation 11.

Here, it is assumed that the A0 term is made up of a nonhygroscopic material and does not
grow with increased RH. Hence, the f factor for the A0 term is always 1.0. On the other hand, we
assume that the remainder of the lognormal populations of aerosols are hygroscopic.

Gerber formulates f as
SC7-S 1/

f C8-l-S) (30)

where the values of C7 and C8 are given in table 6. For amp greater than 5, we assume that com-
position of the smallest size aerosol is composed of two groups of particles. One which has anf
of 1 and is not hygroscopic and composes about 30% of the aerosol, while the remainder of the
aerosol is assumed to be made up of an urban aerosol. The two sea salt components differ only
slightly from each other.
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In a similar way the absorption coefficient is calculated in equation (12) with the f factor
described above.

Table 6. Constants for equation (17) and the range of relative humidity (RH) validity.
Gerber [25].

Aerosol NAM C7 C8 Range of
Model Component Validity

Sea Salt 2 1.83 5.13 RH<99.9%
Sea Salt 3 1.97 5.83 RH<99.99%
Urban 1 1.28 2.41 RH<99%
Rural 1 1.17 1.87 RH<99%

A TEST DRIVER FOR NOVAMSR

A driver is included (see appendix A) that illustrates the use of NOVAMSR. This is a simple
piogram that makes a profile of the NOVAM outputs at altitudes of 10 meters, 100 meters, and
200 meters, etc., up to the end of the available meteorological data. The use of the logical param-
eter REPEATFLAG is illustrated where it is "false" for the first call to the subroutine and "true"
for the following calls to it. The information needed for the operation of NOVAMSR is included
in the file NOVAM.INI, which contains the file names of the surface observation file, the meteo-
rological profile file, the type of data to expect the profile data to be in, and the wavelength at
which the calculations are to be made. The operation of this driver is illustrated in figure 4. Once
started, the program uses the file NOVAM.INI, operates the NOVAMSR and prints the results in
the OUTI file, and then ends. A detailed view of this operation is shown in figure 5 in which the
NOVAMSR is seen using the information in the surface observation file and in the meteorologi-
cal profile file. The names of these files Pre given to the driver program via the NCVAM.INI file
and then the driver supplies the names to the NOVAMSR by means of the parameters exchange.
"The driver must call NOVAMSR a number of times to make a complete profile. Each call to
NOVAMSR returns one set of parameters for one altitude and one wavelength.

"NOVAM.INr'

DRIVER SUBROUTINE

S"O0UT1."

Figure 4. A flowchart showing the operation of the subroutine
NOVAM under the control of a driver.
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Figure 5. Flowchart showing the flow of information in a simple
program which utilizes a driver and the NOVAM.

THE STRUCTURE OF NOVAMSR

The structure of the subroutine is shown in simplified form in figure 6. The structure shows
the general flow of the program including how the "repeat" flag directs the program around the
parts of the code that performs the conditioning and the analysis of the radiosonde data when a
repeated calculation of this would be redundant. This allows for the bypassing of unneeded pro-
gramming and shortens the net processing time required to obtain a series of runs with the same
set of input data. The chart also shows how one of three paths is selected for the actual modeling
of the vertical structure depending on the values contained in the preamble analysis.

One problem of the flowchart type of presentation shown in figure 6 is the production,
rnanipulation, and destruction of data files is not shown. Therefore, this aspect of the program
must be described with words. The input data list for the program is given in table 1, and in this
list are two file names that contain the information on which NOVAM calculation is based. The
structure of the surface observation file discussed in detail above and sample structures of the
radiosonde data file are given in tables 4 and 5. The profile data must be such that the altitude
values he monotonically increasing for the type "N" file or the pressure be monoto'nically
decreasing for the type "R" file. The type of file "N" or "R" must also be given as the datatype
parameter of the subroutine. If the data are of the "N" type, they contain altitude, potential tem-
perature, and mixing ratio for each observation. These data must be converted into a type "R"
file so that the data conditioning can take place. Thus, if the radiosonde data are of the "N" type,
an "R" type is generated called PATRH.DAT and is in the local directory. On the other hand, if
the data are already of the "R" type, then they are copied into the file called PATRH.DAT for
cc~nditioning and analysis.

At the conclusion of the filtering, conditioning, and analysis section of NOVAMSR, a file
called SIGFILE is generated that sontains values of pressure, air temperature, and RH for levels
at which significant changes take place. The first line of SIGFILE contains a single number that
is the number of significant levels contained in the file.
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Figure 6. A simplified flowchart of NOVASMSR.

The next step in the conditioning process is to use the data in SIGFILE to obtain the profile
parameters needed by NOVAM. This implies the detection of the existence and number of sig-
nificant air temperature inversions, and the determination of information about altitude, potential
temperature, and mixing ratio of points where the inversion starts and ends. This preamble
information is added to the beginning of an internal profile data in an array called RDATAARY,
which is similar in structure to the previous NOVAM input radiosonde files. This concludes the
preliminary conditioning, filtering, and analysis part of the program. This part may be bypassed
if the "repeat flag" parameter of the NOVAMSR input is "true." The internal array called
RDATAARY contains all of the radiosonde profile information needed by NOVAM to make a
calculation.
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The first step of the actual NOVAM calculation is to make the selection of which of the three
models to use. This decision is based on the information in the preamble part of RDATAARY. If
there is no inversion detected, then the "strong convection" case is selected. If there are two air
temperature inversions detected, then the "weak convection" code is selected, and if there is only
one inversion detected, then the "stable marine boundary layer model is used." In each of these
models, the size distribution parameters, the RH, and the extinction and absorption at the
wavelength and altitude requested is calculated and returned to the calling program.

Filtering

The first thing that is done in the NOVAMSR is to condition the raw radiosonde data to elim-
inate spurious observations and noise that often accompany raw data. This is accomplished by
employing a series of numerical filters to smooth the pressure, air temperature, and RH data
points found in the file "PATRH.DAT." Much of the programming code is patterned after the
data-smoothing programs found in Press et al. [26]. After the data have been sufficiently
smoothed, the meteorologically significant levels and the data associated with them are sent to a
file called "SIGFILE" as shown below.

I "PATRH.DAT" ...... > [FILTER ] ----- > "SIGFILE"

Determination of Prof'de Parameters

The profile parameters are determined by the subruutine called PREAMB. This subroutine
reads the conditioned parameters, pressure, air temperature, and RH from the "SIGFILE" profile
data file. The logic behind this program is that it looks for significant temperature inversions in
the SIGFILE data profile and uses meteorological values associated with these inversions to fill a
(5,3) matrix preamble (see table 7) is inserted ahead of the altitude, potential temperature, and
mixing ratio data used by the NOVAM models. The elements of the preamble preceding the
actual radiosonde observations are parameters that describe the structural characteristics of the
profile. This discussion involves the potential temperature and the mixing ratio-two meteoro-
logical parameters that change in altitude for a well-mixed situation. The structure of the profile
is represented by a multisegmentd line fitted to the SIGFILE profile data points.

Table 7. The NOVAM preamble.

(1,1) (1,2) (1,3)
(2,1) (2,2 (2,3)
(3,1) (3,2) (3,3)
(4,1) (4,2) (4,3)
(5,1) (5,2) (5,3)

Starting at the lowest levels and going up, temperature inversions are looked for. For an
inversion to be "significant" for this program, a certain amount of logical analysis must be done
on the data before they are accepted as a real inversion. The actual code required to do the
analysis is recorded in the APPENDIX under the subroutine PREAMB. This analysis essentially
tries to fill the preamble matrix with the appropriate data starting with element (1,1) that contains
the number that is five more than the number of data points in SIGFILE. Elements (1,2) and
(1,3) contain the surface observations of the air temperature (potential temperature at the sea sur-
face), and the mixing ratio, respectively. The process then continues to searcL for one or two
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significant temperature inversions and to record the appropriate sounding data into the other
parts of the preamble matrix. This is done by making a gradient profile calculated by ATiAp for
each two adjacent data points and recording the value as long as the absolute value of AT is
greater than 0.19"C and the absolute value of the pressure step, Ap, is greater than 0.9 mb.
Values less than this are defined as 0.0. This assures us that the measured data differences are
greater than those due to instrument error. Finally, a series of negative AT/Ap values are only
accepted if the net increase in temperature from the bottom to the top of the inversion is greater
than 1.6°C. When the first legitimate temperature inversion is found, then the elements (2,1),
(2,2), (2,3), (3,2), and (3,3) are recorded in the preamble matrix. See figure 7 for an illustration
of the meaning of the matrix elements on a stylized segmented type "N" profile plot. Element
(2,1) contains the altitude the inversion starts, element (2,2) contains the potential temperature
just below the inversion, :and element (3,2) contains the potential temperature just above the
inversion. In a similar way, element (2,3) contains the mixing ratio just below the inversion and
element (3,3) contains the mixing ratio just above the inversion. A similar searching process is
continued as altitude increases until either the end of the data is reached or a second inversion is
found. If the second inversion passes the criterion discussed above, then the matrix elements
(4,1), (4,2), (4,3), (5,2), and (5,3) are also recorded. Element (4,1) contains the altitude the
second inversion starts. Element (4,2) contains the potential temperature just below the inver-
sion, and element (5,2) contains the potential temperature just above the inversion. In a similar
way, element (4,3) contains the mixing ratio just below the inversion and element (5,3) contains
the mixing ratio just above the inversion.

When there is only one inversion found, the data elements (4,1), (4,2), (4,3), (5,2), and (5,3)
all contain the value -999.0. This is the simple MBL case. Finally, if no temperature inversions
are found, then elements (2,1), (2,2), (2.3), (3,2), (3,3), (4.1), (4,2), (4,3), (5,2), and (5,3) all con-
tain values of -999.0. This is the case where convective activity is usually in operation. This
information in the preamble is used to decide which of the three model to use in a particular
calculation.

Almost Well-Mixed Boundary Layer Model (One Inversion)

The important feature of this model is it allows gradients to exist in the MBL for passive
scalar contaminants such as marine aerosol. Furthermore, these gradients are calculated from the
available meteorological parameters using the various scaling laws developed by Fairall and
Davidson [27]. Using these ideas, we calculate a gradient in the concentration, dA/d.z, of marine
aerosol in the boundary layer to be

4 -1.5 (S - Vd + 2 .5 - We(AdI- A b)) (31)

where

(1) "h" is the height of the MBL, which is the height of the inversion and is stored in element
(2,1) of the "DATAARY.

(2) w. is the convective scaling velocity calculated from the bulk micro meteorological scaling
equations based on information from the surface observation file. This is calcuiatc, as "wstr" in
the subroutine WE2.

(3) S 's the source terms of the aerosol at the sea surface. This model uses the table lookup
routire in WHITEFLUX based on observations by Fairall, Davidson and Schacher [28].
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(4) Vd is the dry deposition velocity or fallout term of the aerosol at the sea surface. This cal-
culation is based on the theory of Slinn and Slinn [29] and modified by Fairall and Davidson
[271.

(5) We is the entrainment velocity at the top of the MBL, and is based on measured informa-
tion about the boundary layer contained in the surface observation file and the preamble to the
profile data. This is calculated in the WE2 subrout"'e.

(6) A41 is the concentration of aerosol size at deck level (in this case it is determined by the
four-component NAM).

(7) Ab is the concentration above the MBL of that class of aerosol. This will be set to zero for
sea salt-generated aerosol and to the surface value for the background aerosol.

These values are calculated by the various methods and put together into equation (31) to
determine the gradients of the various modes.

Given the calculated gradients of each of the four aerosol types, as well as their concentration
at the surface, this model gives the concentration of any atmospheric constituent as a function of
altitude within the MBL.

dAi 32
A,(z) = A(O) + z - . (32)

The realistic assumption is that the concentration of the aerosol can never be negative. It is fur-
ther assumed that the concentration of the sea salt aerosol above the boundary layer is zero and
that the background aerosol has the same value at altitudes above the MBL as it had at the MBL.
It is also assumed that the background aerosol has no source at the sea surface.

This technique can estimate the concentrations of different aerosol classes for which surface
concentrations are available at any altitude, z. The total aerosol size distribution at z consists of
three or four lognormal curves representing the size distribution of the classes of aerosol pro-
duced at the sea surface, modified by the concentration determined by the different gradients and
the altitude. Given this size distribution at z and the measured or interpolated RH at z obtained
from the atmospheric sounding, the aerosol size distribution adjusted for an RH is determined.
At this point, the optical properties of the aerosol can be obtained by invoking the set of simpli-
fied conversion algorithms that gives the optical properties of the parcel of air at that particular
level. This process (described in equation (20)) is a rapidly executable table lookup routine that
requires the databases of precalculated Mie computations for lognormal distributions of the
various types of aerosols for its operation.

Weak Convection Model (Two Inversions)

This model describes the situation in which scattered cumulus clouds may be present and the
well-mixed layer is confined to the region below the cloud base. In the region above the cloud
base and below the cloud tops, strong vertical gradients of aerosol concentrations may be
observed, Davidson and Fairall [30]. They show the profile of -)ncentrations of various classes
of aerosol are dependent on various meteorological parameters. These parameters are determined
from the structural characteristics of the potential temperature and the mixing ratio profiles
obtained from radiosonde profiles. Figure 8 shows a simplified profile of the aerosol
concentrations.
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MIXING RATIO POTENTIAL TEMPERATURE

(4 ,,3) 2ND INVERSION 2

(5,3) (5.2)

(2,3) 1ST INVERSION (2,2)

(3,3) (3,2)

(1,3) SURFACE (1.2)

(NUMBERS IN PARENTHESIS REFER TO MATRIX LOCATION)

Figure 7. Stylized profile definitions for use in the preamble. The figure
represents the segmented lines that compare data plots of mixing ratio and
potential temperature against altitude. Three altitudes are shown on the
figure, with the base of the plot being zero. Two values are to be placed in
the preamble matrix from data at this level. The surface values of the
potential temperature (as measured by the sounding device) is inserted in
position (1,2) of the preamble; the surface value of the mixing ratio is put
into position (1,3).

Our data, together with the techniques of Davidson and Fairal [30), are used by the
NOVAMSR to determine the gradient of the concentration between the two inversions. The sim-
plifying assumption is made that for each particular class of aerosol, the aerosol concentration at
the sea surface is the same as at the top and bottom of the cloud base level. With this assumption,
the concentration gradient is given by

(Ai+- A,)"_ n (33)
(1 + n) - 6z

where (6q. "o- .8 b Fq)" 6z
n = T(34)

(60 * 6q b- 6qi " 6qi " 60)

6q% and 6 0 b refer to the "jumps" in the mixing ratio and the potential temperature at the lower
inversion; 6qi and 60i refer to the "jumps" in the same quantities at the upper inversion; and 6z
refers to the depth of the layer. Ar is the concentration of the particular aerosol mode at the sur-
lace, and Ai+ is the concentration above the top inversion,

These quantities are calculated by the computer from the data in the radiosonde preamble.
For instance, 6 qb refers to the jump in the mixing ratio values and is calculated from the matrix
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element points in figure 7 as R(4,3] - R[5,31. Likewise, Fq refers to the slope in the mixing ratio
in the region between the inversions and can thus be calculated from the various matrix element
terms.

The concentration profiles needed by NOVAMSR are then calculated with the gradient r of
equation (33) and with the surface values of the four modes of the aerosol concentration obtained
with the four-mode NAM at the surface. Assumptions about the aerosol concentration above all
of the inversions are made in the following manner: sea salt aerosols do not make it above the
second inversion; therefore, the A2 and A3 terms should be zero in this region. On the other
hand, the background aerosols Al and AO (if it exists) are known at the surface but can be
estimated at altitudes above z2 in fig'ire 8.

A A
1"

A SECOND INVERSION A

2.I.

FIRST INVERSION

z2

)A A
b b

SURFACE
A A

t .r

SURFACE GENERATED CONTINENTAL GENERATED

Figure 8. Simplified aerosol concentration profiles. When the index
"i" is 0 or 1, then the continental-generated aerosol profile applies.
When the index "i" is 2 or 3, then the surface-generated aerosol
profile applies.

It is assumed that A,.._ and A0+ are the same and that AY_ and A, + are the same. It is also
assumed that the region below z1 is well mixed forcing Air and Aib to be the same for i = 0,1,2,3.
This leads to the description of Ai(z) as

if 0 < zl Ai(z) = Ai(O) for i = 0,1,2,3

if z1 <= z <z2 Ai(z) = Ai(O) + (z - zl)*Fi for i = 0,1,2,3 (35)

ifz2 <=z Ai(z) =Ai(O) + (z2-zl)*Ti for i 0,1
Ai(z) = 0 for i =2,3

Given these relationships for the height variation of the concentration of the four aerosol modes,
they can be directly substituted into equations (11) and (12) to provide the optical properties of
the aerosol at the heights in question.
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No Inversion Model

The third of the three models is the case where there is no real temperature inversion
apparent in the measured and filtered profile. Such a profile was the usual form obtained in the
tropical waters during the KEY-90 experiment. An example is shown in figure 9 where three
soundings were taken in the same general area to the east of the Florida Keys near the town of
Marathon, Florida. Twvo of the soundings were done with the conventional balloon-borne probe
and one with an instrument aircraft making a spiral vertical ascent from near the sea surface to 3
kilometers. They all show a constant decrease in air temperature with increasing altitude except
for "noise" superimposed on the record. The processing of the NOVAM subroutine would com-
pletely eliminate these "noise" blips and show a clean, no inversion profile with few significant
points.

AIR TEMPERATURE SOUNDINGS

3000- •RADIOSONDES #8 AND #9

2500

2000'

AIRCRAFT PROFILES1500-

1000-

14 JULY 1990

500,

0

1 I I I

10 15 20 25 30
TEMPERATURE (C)

Figure 9. Temperature profiles plotted from three soundings taken
from the KEY-90 data set on 14 July 1990. There are fluctuations and
kinks in these curves but the main temperature decreased monotonically
as altitude increased.

The no-inversion model assumes an exponential decrease in the marine aerosol produced at
the sea surface. The small-sized aerosol, which we assume are from the continental areas, are
well mixed in such an atmosphere; therefore, we assume that the concentration values deter-
mined at the surface are constant throughout the vertical dimension of the MBL. This refers to
both the AO and the Al components. On the other hand, the aerosol generated at the sea surface
are assumed to have an exponential drop off with altitude. The scale heights of these exponential
curves will be different. The scale height of the A2 parameter has been determined empirically
by Wells, Gel, and Munn [31] to be about 800 meters; whereas the scale height of the largest
sized aerosol has been estimated, from various data sets the authors have looked at, to be about
50 meters.

25



This is expres.zd in mathematical form for the smallest size aerosol as
AO(z) = AO(O) (36)

and
A1(z)=Al(0)

for the midsized aerosol as

A2(z) A2(0) exp( Z (37)

and for the largest class of aerosols as

A3(z) = A3(0) exp(-0) . (38)

Of course the size distribution at any altitude will depend on these concentration vaiues as
well as the growth of these particles in the lognormal function due to hygroscopic action. In
addition, the concentrations at the surface, A0(0), A 1(0), A2(0), and A3(0) will be calculated
from the amp, average wind speed, and current wind speed values corrected by visibility
measurement and IR measurements, if they are available.

This model then calculates the volume extinction coefficient and the volume absorption coef-
ficient from the multicomponent lognormal size distribution using the method of interpolation of
data between precalculated Mie calculations for the RI-I at that height. The subroutine then
returns all the EO data and size-distribution data for the given altitude and wavelength.

An example of how well the exponential model works in a no-inversion environment is
shown in figure 10. In this figure are plotted all of the 3.5 t, extinction data as a function of
height obtained during the KEY-90 experiment mentioned above. Each of these individual mea-
surements is shown as a point in the figure regardless of the circumstances of the measurement,
such as what the RH was, or if clouds were nearby. Superimposed on these points are two lines.
One line is the least square fit of all of the points on the curve and it is labeled the least squares
fit of all aircraft data. The slope of this line shows that in the environment typical in the Florid?
Keys area, the exponential model works well. The other line drawn in figure 9 is the least
squares line fitted to all of the NOVAM-predicted profiles obtained from all of the meteorologi-
cal soundings done with both the aircraft and with radiosondes.
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AIRCRAFT EXTINCTION MEASUREMENTS

(FROM KEY-90)

500077 f
LEAST SQUARES FIT OF

LEAST SQUARES FIT OF . * ALL NOVAM RUNS
ALL AIRCRAFT DATA * 4

4000 4 4s

4000 ' . - -

4%

"0""00 0.01 0.11.0

*°4q
4

30.001000 01 .01 1

EXTINCTION@ 3.5 microns (1/km)

Figure 10. A combined plot of all KEY-90 3.5 ga extinction data
obtained from aircraft measurements of aerosol size distribution.
These points are plotted together on the same chart and exhibit a
mean characteristic. Least square fits to the data and also from all
of the NOVAM runs are plotted as lines in the figure. These data
show that in the mean, the exponential function with altitude works
quite well for the "no-inversion" types of data.
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CONCLUSIONS

We have presented a model for describing the EO properties of the unique marine aerosol
found in the regions from shipboard height to above several kilometers in altitude. The model
has been written as a self-contained FORTRAN subroutine so it could be incorporated into larger
scale models such as the LOWTRAN and MODTRAN codes. The model needs information on
the meteorological sounding at the site where the calculation is made as well as information on
certain meteorological parameters near the surface of the sea. The model has certain shortcom-
ings that need to be addressed in future modifications. First of all, the region of the applicability
is from shipboard leve! (about 5 to 10 meters) to regions above the lower troposphere where oth-
er aerosol models will be more appropriate. This leaves two areas that are not covered well by
the model. At the higher altitudes, various models developed by the U. S. Air Force and included
in the LOWTRAN/MODTRAN codes will be more accurate. On the other exnreme, an important
propagation path that grazes the sea surface or passes through the region within a meter or so of
the sea surface is not adequately covered by NOVAM. This is because NOVAM is in part an
empirical model and based on measurements in the real world. Current interest from shipboard
level on down currently lacks observation data because of the difficulty in obtaining them. This
region will be especially important to IR propagation during rough weather and high seas where
many marine-generated drops and droplets are suspended in these lower levels of the
atmosphere. This problem is currently being remedied by a large-scale experiment called the
Marine Aerosol Properties and Imager Performance (MAPTIP) trial off the Dutch coast
sponsored by NATO. The results of this experiment will contribute to the development of an
advanced Navy aerosol model (ANAM) currently under development. These results can be
added into the modular format of NOVAM to increase its regions of application.

Another shortcoming in NOVAM is its somewhat limited types of weather situations in
which it is applicable. An earlier version of NOVAM included the region just below stratus
clouds, but because this model had a limited band of wavelength validity and required inputs that
are really incompatible with a self-contained model, this submodel was dropped from the current
model. Advances in these areas await the drvelopment of models from the basic research com-
munity sometime in the future.

An area of concern in the application of models such as NAM and NOVAM is the use of the
models in the close-in coastal areas. As these models were developed for the open ocean region
far away from the land influences, error would be expected when unusual sources of aerosol are
sent into the atmosphere by man-made sources. The amp concept was introduced into NAM and
NOVAM to compensate for these problems, but experience has shown that this is one of the
weakest parts of the models. It is the author's opinion that a special coastal aerosol model needs
to be developed that will adequately take into account local sources of aerosol.
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APPENDIX INDEX Location of Functions and Subroutines

TYPE NAME �PG#
FUNCTION Altiiudc 54

SUBROUTINE Assi nRSondeVars 104
SUBROUTINE Assi nTlO RI-il-i P 103
SUBROUTINE Bulk 81

FUNCTION CIO 55
SUBROUTINE Caic rh atem ress 101
SUBROUTINE ChcckRSondcData 101
SUBROUTINE Convert 63
SUBROUTINE Convert Rdata 102
SUBROUTINE Dcpovel 79

FUNCTION Duff coef 61
_______________________ _________ _______________________ 61
________________________ __________ ________________________ 61

SUBROUTINE FOUR I ______

FUNCTION Fdpt _______

SUBROUTINE Filter
FUNCTION FmLnt _______

FUNCTION Fgstar
FUNCTION Frac

SUBROUTINE Histogram
SUBROUTINE 1unt779

REAL FUNCTION LOGlU ______

SUBROUTINE Linfit _____

SUBROIJTNE MAKE RDATAARY 102

REAL FUNCTION Mu .alc ____

SUBROUTINE NOVAMSR
SUBROUTINE NOVAMW ______

SUBROUTINE NolnvcrsuonsCasc 9
SUBROUTINE Optics ______

FUNCTION PaLt
CI�IARACYER*2 FUNCTION Pad

SUBROUTINE Parccl2 _________

FUNCTION Potential tcmpcraturc 53
FUNCTION Po��crI0

SUBROUTINE Prcarnb
FUNCTION Q,

SUBROUTINE REALFT
FUNCTION RMi,� ratio ______

FUNCTION RMixing ratio 53
SUBROUTINE RcadSctupFilc
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TYPE NAME___PG___

SUBROUTINE SMOOFT 7

SUBROUTINE SimpIcBLCasc 4
SUBROUTINE Sk-,2 84__

FUNCTION Smixr 5
SUBROUTINE Sefin 98__

SUBROUTINE Swil 9_______

FUNCTION Thst62
FUNCTION Thz 56

FUNCTION Vappr 5

SUBROUTINE We2 __8_

SUBROUTINE WcakConvcctionCasc 43__

SUBROUTINE Wecaic __0_

SUBROUTINE Whitcflux 8

FUNCTION Zcon 59
SUBROUTINE Zerobin 7

FUN.kCTION_ Zzero____



APPENDIX A A NOVANI TEST DRIVER
PROGRAM DRIVER2

C(-----------------------------------

c( Fite Name: Driver2.FOR)
c)

c (Description: The main driver unit for aLL the Novam Calculation models.)
C)

c( Purpose: Main driver for NOVAM subroutines calculat ions. NOVAM produces)
c ( an output file, OuTI containing extinction & absorption, RH and the )
c ( a0 -), a3 size distribution parameters at an attitude of 200 meters )
c ()
c C Preconditions: SurfObsFile, RSondefite, and NOVAM.INI exists;)
c( Global Variables:)
c( Revision History:)
c ............................................................ )

c C Date Programmier Remarks)
c C Jun 1993 1Stuart Gathman jmade into a NOVAMSR driver)
c ------------------------------------------------- ------------------------

Logical, readok
Logical repeatftag
character*1O WaveLenStr
character*12 RSondeFi teName
characterl12 SurfObsFi leName
character*1 DataType
integer nettime, timel,H,M,S,1100TH

c (start the timer )
call gettim(h~ms,ilO0th)
timel = 3600*h+60mfts

c ( Run the dOVAM model
open(unit=31,fiie~lout1',status~lunknown') *The output fiLe.
caý L ReaCSetupF Le(WaveLenStr, Surf~bsFi teName,

S RtSondeFiteName, DataType, Read~k)
if (.NOT. ReadOK) then
stop 'setup file novam.ini does not exist,

el se
read(WaveLenStr,I(fIO.4)') WaveLen

endi f
altsI0.0 Ifirst Attitude for catculation
repeatflag=(1.eq.0) !False define use inputdata for 4irst point

calL NOVAMSR(att,wiavelen,SurfObsFiteName,RSondeFiteName,
S DataType,repeatf tag,
S Ext,Abs,aO,al_,22,a3,rh)
write(31,30) d~t, rh, ext, abs,a0,i1,a2,a3

30 format~lh ,f7.0, lx,fS.I,lx,elO.3,lx,elO.3,4(lx,elO.3))
att=0.0
do i-1,50
att=att+100
repeatf I.aq1. eq .1)
call NOVAMSR(att,waveten,SurfObsFiteName,RSondeFiteName,

S DataType~repeatftag,
S Ext,Abs,a0,al,a2,a3,rh)
if(ext ALt. 0.0) goto 55 Ijump out of loop when data not available
write(31, 30) alt, rh, ext, abs,aO,al,a2,a3
enddo

c (Write the elapsed time for th~e run on the screen)
55 catl gettim(h~ms,iIO0th)

nettime =3600*h460*m~s - timel
write(*,*) 'The net timie of comrputation is:',nettime
end I(driver? main)
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APPENDIX B MAIN NOVAIM SUBROUTINE

c ( File Name: NOVAMsr.FOR )
c)
c ( Purpose: Main driver subroutines for NOVAM calculations. NOVAM produces )
c ( outpur file ExtincFiteName which contains extinction & absorption )
c ( vs. altitude data for tater plotting. )
c( )
c ( Description: The NovaM Calculation models. )
c( )
c ( Revision History: )
c ( 10 Jan 1987 Stu Gathman, NRL Ver 0.02 Translated from TBASIC v1.02 )
c ( 24 Mar 1989 Stu Gathman Ver 0.07 )
c ( 28 Mar 1989 Stu Gathman Ver 0.08 Logic tree sirplified )
c ( 01 Jan 1991 Stu Gathman Ver 0.10 )
c ( 22 Jan 1991 Stu Gathman Ver 0.11 many improvements }
c ( 27 Sep 1991 Charles McGrath Comments added )
c ( 29 Oct 1991 Charles McGrath Restructure/added procedures )
c ( Nov 1992 Linda Hitney converted from PASCAL to FORTRAN )
c ( Jun 1993 Stu Gathman,NRaD convert into Fortran Subroutine )
c ......................................................................... )
c ( Version J Date I Programmer I Remarks )
c( ........................................................................-
c ( 1.00 01 Jan 1991 Stu G. Gathman )
c ( 1.01 27 Sep 1991 Charles McGrath Added comments )
c ( 1.02 21 Oct 1991 Charles McGrath many Globals made local )
c ( 1.03 28 Oct 1991 Charles McGrath NOVAM broken into procedures)
c ( 1.04 29 Oct 1991 Charles McGrath Divided into 3 smatler units)
c C 2.15 03 Feb 1992 Charles McGrath made an independent progarm )
c C 2.15 10 Feb 1992 Charles McGrath mod read inputs &t NOVAM.INI)
c ( 3.00 Nov 1992 Linda Hitney converted frum PSCAL to )
c ( FORTRAN )
c ( 3.10 01 Jul 1993 Stuart Gathman NOVAM Subroutine in FORTRAN )

SUBROUTINE NOVANSR(ait,waveLenSurfObsFiIeName,
S RSondeFiteName,DataType,repeatflag,
$ Ext,Abs,aO,al,a2,a3,rh)

c This is a subroutine which exercises the NOVAM subroutines.
c Inputs to this subroutine are:
c att, the attitude in meter
c wavelen, in microns
c SurfObsFileName, name of surface observation file
c RSondeFiteName, name of the radiosonde data file
C DataType, n for NOVAM type or r for rs type
c repeatftag, "true" if input data used before
c "false" if new set of data.
c Outputs from this subroutine are:
c Ext, Extinction in 1/km at WaveLen
c Abs, Absorption in 1/km at Uaveten
c aO,al,a2,a3,rh (at alt)
c
c ( Initialize Variables )

save rdataary,rsdata,rscaLc,sodata
include 'rscatc.inc'
include 'rsdata.inc'
include 'sodata.inc'
real RdataAry (200,3)
real preamble(5,3)
logical repeatftag

character*l DataType
character*12 RSondeFileName
character*12 SurfObsFiteName

c ( Check Initial Variables )
if(ALT .LT. 9.0) GOTO 98 !OUT OF RANGE
IF(ALT .GT. 6000.0) GOTo 98 IOUT Of RANGE
IF(WAVELEN .LT. 0.2) GOO 98 'OUT OF RANGE
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IF(WAVELEN .GT. 40.0) GOTO 98 !OUT OF RANGE

if(repeatflag) goto 11
do 2 j=1,3
do 1 iW1,200
rdataary(i , j)=O.O

1 continue
2 continue

c Check for NOVAM type data or Radio sonde type data from NOVAM.INI

if ( DataType .eq. IN' .or. DataType .eq. 'n' ) then
if(RSondeFiteName .NE. "aptmr.dat") then

open(unit=24, file=RSondeFileName, status='oid')
open(unit-23, fite='aptmr.dat', status= 'unknown')

6 read(unit=24,fmt=8,end:1O) a,b,c
write(unit=23,fmt=9)a,b,c
goto 6

endif
8 format(3flO.2)
9 format(3(f10.3,2x))

10 continue
close (24)
close (23)
calt convert I aptmr.dat --- > convert --- > patrh.dat

else
'rsonde type data
if ( DataType .ne. R' .and. DataType .ne. 'r' ) then

write(*,*) '4th line of novam.ini file must indicate'
write(*,*) 'data type in column 13'
write(*,*) 'n or N for NOVAM type data'
write(*,*) 'r or R for RSONDE type data'
GOTO 98 ' DOES NOT RECOGNIZE THE DATA TYPE

endif
endif

calL filter I patrh.dat --- > filter---- > slgftle

call preanb(SurfObsFileName,preambre) I sigfile---> preamb -- >preambte()

c ( Read RADIOSONDE data file )

call MAKE RDATAARY(preamble,rdataary)
clt CheckRSondeOata(RdataAry)

c ( Read in SURFACE OBSERVATIONS FiLe )

call Sufln(SOOata, SurfObsFiteNamo)

c ( Assign Surface temp, rel humidity, & mixing ratio if not measured )

call AssignT1ORHH_QP(RDataAry, SOData)

c ( Assign Rsonde data to GLOBALS gtobals )

calt AssignRSondeVars(RDataAry, RSData, RSCatc, SOOata)

11 continue
rnumr=rdataary(1,1)
tastline:tnt(rnum)
if (rdataary(tasttine,1) .it. alt) goto 98

c ( Run the NOVAM model )

if(rdataary(2,1) .it. 0.0) goto 77
if(rdataary(4,1) .gt. 0.0) goto 88
if(rdataary(2,1) .gt. 0.0) goto 999
write(*,*) 'miss'

goto 98
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77 if( .NOI. repeatfkag) write(*,*) 'Strong Convection Case'
call NolinversiorisCase(WaveLefl, Alt, Ext, Abs, RH,aO,al,a2,

$ a3,rdataary,sodata)
goto 99

888 if( .NOT. repeatftag) write(*,*)IWeak Convection Layer Case'
call WeakConvectionCase(rsdata,WaveLen,A~ttExt,Abs,

$ RH,aO,aI,a2,a3,rd~ataary,sodata)
goto 99

999 if( .NOT. repeatf lag) write(*,*)ISiffple Boundary Layer Case'
call SiffpteBLCase(rscaic,WaveLen, Altt, Ext, Abs,

S ~RH,aO,a1,a2,a3,rdataary,sodatfl)
goto 99

98 ext=-999.9 Ino data output
abs=-999.9
602- 999.9
81l -999.9
a2z-9 99.9

a3=- 999 .9
rh= -999.9

99 end I ( INovamnSR subroutine)
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APPENDIX C NO INVERSION, CONVECTION MODEL

SUBROUTINE NolnversionsCase(
S WaveLen, alt, ext, abs, rh,a0,al,a2,a3, RDataAry, SOOata

c C Purpose: To provide extinction and absorption at altitude, alt and
c C wavelength, wavelen, for the case of no inversion. )
cC )
c ( Catted by: Novamsr
c ( Calls out: Optics, fna, fob, finc, palt, xtoy, smixr )
cC )
c C Preconditions: )
c C Global Variables: )
c C Rev..ion i:!i'toy; )
c C ...................................................................... )
c C Date j Programmer Remarks )
c ( ................................................................... -
c ( 29 Oct 1991 Charles McGrath Created Procedure from UNOVAM.NOVAM )
c C Nov 1992 Linda Nitney Converted from PASCAL to FORTRAN )
c C June 1993 Stuart Gathman Converted into a one input, )
cC one output subroutine )
C-------------------------------------------------------)

real ko, ks
real smr, mr
real ROataAry(200,3)

include Isodata.incl
integer exactftag, attfLag

exactf tag-O
H2 = 800.0 !(Scale height given by Wells, Get & Nunn )
H3 = 50.0 I(Scate height estimated by Gathman )
ZIO = 10.0
if (SOOata.SVis .GT. 0.0) then

(Use input visioi.'lty to correct data)
if (SOOata.AMP GT. 5.0) then

call Optics(0.3*fna(SO0ata.AMP),
S 0.7*fna(SOOata.AMP),
S Inb(SOOata.UAve),
S fnc(SOOata.U1O),
S SOOata.RHH, 0.55,
$ ext, absorb,
S SOOata.AMP)

else

call Optics(O.0, fna(SOOata.AIP),
S fnb(SOData.UAve), fnc(SOData.U1O),
S SO~ata.PlH, 0.55, ext, absorb,
S SOOata.AMP)

end if

extvis a 3.9/SOOata.SVis
ko z extvis/ext

else

ko a 1.0
"endi f

c At this point ko is the correction te-m based on svis
c Calculate ks for the correction term for the sea salt terms from the
c IR measurements at 10.6 microns
c Use input ir extinction Q 10.6 MICRONS to correct date.

if (SOOata.]RExt .GT. 0.0) then

if (SOOata.AMP .GT. 5.0) then

call Optics( 0.3*fna(SO~ata.AMP),
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S 0.7*fna(SOOata.AMP),
S fnb(SOOata.UAve), fnc(SO~ata.U10),
$ SOOata.RHH, 10.6, ext, absorb,
$ SOOata.AMP)

else
call Optics(O.0, fna(SOOata.AMP),

$ fnb(SOOata.UAve), fnc(SOOata.UI0),
$ SOOata.RHW, 10.6, ext, absorb,
S SOOata.AMP)

endif
ks = SOOata.IRExt/ext I ks is the correction factor for 10.6 micron wavelength

else

ks = ko
erndi f

c (At this point ks is the correction term based on irext)

if (SOOata.AMP .GT. 5.0) then
call Optics( 0.3*ko*fna(SO~ata.AMP),

S 0.7*ko*fna(SOOata.AMP),
$ ((ko+ks)/2.0)*fnb(SOcata.UAve),
S ks'fnc(SOOata.UlO), SOOata.RHH, WaveLen,
$ ext, absorb, SOOata.AMP)
else

call Optics(O.0, ko*fna(SOOata.AMP),
S ((ko+ks)/2.D)*fnb(SOOata.UAve),
S ks*fnc(SOOata.UlO), S00ata.RHM, WaveLen,
S ext, absorb, SOOata.AMP)
endi f

tefiprhh=SOata.RHH

a=Rdataary( 1,1)
npts = int(a)
ZHgt z RdataAry(npts,1)

c set up for 4 lognormal system for altitude ALT.

if ((SO~ata.AMP .GT. 5.0) .AND. (att .LT. 1000.0)) then
vO c 0.3*fna(SOOata.AMP)
v1 = 0.7*fna(SOOata.AMP)

else
vOa 0
v1 = fna(SOOata.AMP)

endif

ex = att/h2

if (ex .GT.80.0) then !(This is a numiericat trick to keep functions)
V2 = 0.0 !(working at small numbers ie less than 1/10"36.)

else
V2 z fnb(SOOata.UAve)*EXP(-att/HZ)

endif

ex = att/h3

if (ex .GT.80.0) then
v3 = 0.0

else
V3 = fnc(SOOata.ulO)*EXP(-att/H3)

endif

c At this point, We need to find where the input attitude is with respect to the
c various attitudes on the radiosonde data array. We then wilt find the closest
c altitude that the radiosonde uses just above the input attitude ano just below
c the input aLtitude.
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c Technique for bracketing the input attitude with the two nearest
c sigfite attitudes.

aLtftagz-1
exactftag- 1

do 10 im6,npts

if (alt itt. RdataAryti,1)) goto 11
if (alt .eq. RdataAry(i,1)) gato 12

10 continue
11 attftagzi

goto 13
12 exactftag-i
13 continue

if Cexactttag .gt. 0) goto 20 Ino interpotation necessary in this case
if(attflag .eq. 6) poto 15

c Here attf tag is the index just beLow the attitude and attflag + 1 is just above
c the desired altitude. We will do Linear interpoLation to find the require
c retative humaiidity from the knowledge of the RdataAry and Altflag.

Theta=(RdataAry(attflag,2)-RdataAry(aLtf tag-i ,2))

theta~theta/(RdataAry~at tf tag,l1) -RdataAry(aLtftag-1,1))
thetaxtheta + RdataAry(a~ttf ag-i,?)

arz(RdataAry(aL tftag,3)-RdataAry(attf tag- 1 3))

mrzmr/(RdataAry(attftag,1) - RdataAry(attftag-1,1))
mr~mr4(RdataAry(attf tag- 1,3))
goto 30

15 rh at -z=SO0AYA. RNH
goto 40

20 Theta~rdataory(exactflag.2)
mrzRdataAry(exactf lag,3)

30 continue
----------------------------------------------------------------
I at this point we need to calculate the relative hum~idity from
I the potential temperature, RdataAry(i,2) and the mixing ratio
q dataAry(i,3). This is accomrplished by finding the saturation
1mixing ratio at the potential temperature and then the ratio
I of 100 * r/rs is the relative humidity. Note that I have a
I routine which gives rs z0.622 * vappr(T) /(p(z) -vappr(T))
I if I know T in degrees C. from List p3Ci8, we see that
I th zt *(1000/p)* (2/7)

-------------------------------------------------------------------

testp =pait(att)

c Here tatz is the teqxprature at altitude aLt

tatz z (Theta+273.15) *xtoy(1000.0/testp, -0.286)-273.15
amr r 1000.0* smixr(att, tatz)
rh-atz =100.0*mr/snmr
rh at z MIN(rh~at~z, 99.9)

40 caTL -OPTICS(ko-v0, ko~vl, ((ko~ks)/2.0)Wv2, ks~v3, rh~at~z,
S WaveLen, ext, abs, SO~ata.AMP)

rhmrh at z
aO=vo
&l~vl

82=v2.3=v3
END CNoInversionsCase)
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APPENDIX D THE WEAK CONVECTION MODEL

subroutine WeakConvect ionCbse(rsdata,
S WaveLen, aLt, ext, abs, rh,aO0,a¶,a2,a3, RDataAry, SCOata

C (-..........................................- )
c ( Purpose: To provide extinction and absorption at atti*ude, att and )
c ( wavelength, waveLen, for the case of a weak convection )
c ( Catted by: Novasr )
c C Calls out: Novarre, )
c P Preconditions: )
c ( Global Variables: )
c( ........................................................................ )
c ( 29 Oct 1991 Charles McGrath Created Procedure from. UNOVAM.NOVAM )
c ( Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN
c ( Jun 1993 Stuart Gathman Prepared for NOVAMSR operation
C (m szzinsui-rn. --as ==: m sasnn=:ns==:csr== )

real ROataAry(200,3)
include *rsdata.incl
include 'sodata.inc'
integer ALTFLAG,EXACTFLAG
real abs, ko, ks

c (At this point we calculate what the effect of the measured svis would be
c on the the profile. this part of the code added 1/22/91 by sgg )
c (Find what the estimated extinction would be a 0.55 microns)

if (SOOata.SVis .GT. 0.0) then
I (Use input visibility to correct data)
if (SOOata.AMP .GT. 5.0) then
catl Optics(O.3*fna(SOOata.AMP), 0.7*fna(SOOata.AMP),

fnb(SOOata.UAve), fnc(SOVata.U1O),
S SOOat&.RHH, 0.55, ext, absor, SOOata.AMPj

else
caLl Optics(O.O, fna(SOOata.AMP), fnb(SOOata.UAve),

S fnc(SOOata.UIO),
$ SOOata.RHH, 0.55, ext, absor, SOOata.AMP)

endi f

extvis = 3.9/SOOata.SVis
ko * extvis/ext I (ko is the correction factor for vis wavelength)

else
ko 1.0

end if
c (At this point ko is the correction term based on svis)
c (Calculate ks for the correction term for the sea salt terms from the
c IR measurements at 10.6 microns)

if (SOOata.IRExt .GT. 0.0) then
I (Use input ir extinction Q 10.6 MICRONS to correct data)
if (SOOata.AMP .GT. 5.0) then

call Optics(O.3*fna(SOOata.AMP), 0.7*fna(SOOata.AMP),
S fnb(SOOata.UAve), fnc(SOOata.UlO), SOOata.RHH,
$ 10.6, ext, absor, SOOata.AMP)

else
caLl Optics(O.0, fna(SOData.AMP), fnb(SOOata.UA-,e),

S fnc(SOOeta.UIO),
S SOData.RHH, 10.6, ext, absor, SOOata.AMP)

endi f

I (ks is the correction factor for 1U.6 micron -avelength)
ks = SOOata.IRExt/ext

else
ks = ko I (the default case sets ks-ko)

endi f

c (At this point ks is the correction term based on irext)
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c Technique for bracketing the input attitude with the two nearest
c sigfile attitudes.

altfl1g=-1
exactftag=-I

do 10 i=6,RDATAARY(1,I)

if (aLt .Lt. RdataAry(i,1)) goto 11
if (alt .eq. RdataAry(i,1)) goto 12

10 continue
11 attfLag:i

goto 13
12 exactftag=i
13 continue

IF(exactflag .gt. 6) goto 100 !no it -potation necessary in this case
IF(altftag .gt. 6) goto 50 linterpoLate mmr and theta.

c SURFACE CALCULATION

RHATZ=SOOATA.RHH

if (SOData.AMP .GT. 5.0) then
AO : 0.3*ko*fna(SOOata.AMP)

Al = 0.7*ko*fna(SOOata.AMP)
A2 = ((ko+ks)/2)*fnb(SOOata.UAve)

A3 = ks*fnc(SOOata.UIO)
call Optics(AO,A1,A2,A3,

S RH ATZ, WAVELEN,
S ext, abs, SOata.AMP)

else
AO : 0.0

Al = ko*fna(SOData.AMP)

A2 = ((ko-ks)/2)*fnb(SO~ata.UAve)
A3 = ks*fnc(SOOate.UlO)

call Optics(AO,Al,A2,A3,
S RHATZ, WAVELEN,
S ext, abs, SO0ata.AMP)

endif

goto 500

c Here altfLag is the index just below the attitude and aLtftag + 1 is just above
c the desired attitude. We will do linear interpolation to find the require
c relative hLmidity from the knowledge of the RdetaAry and ALtftag.

50 Theta=(RdataAry(attfLag,2)-RdataAry(aLtflag-1,2))
theta:theta*(aLt-RdataAry(attfLag-i,1))
thetaxtheta/(RdataAry(attftag,i) - RdataAry(attftag

-1,1))
theta=theta + RdataAry(attflag-l,2)
mr=(RdataAry(altfLag,3)-RdataAry(attflag-1,3))

mr=mr*(alt-RdataAry(attfLag-i,1))
mr=mr/(RdataAry(attflag,1) - RdataAry(attfLag-1,1))
mr=mr+(RdataAry(attftag-l,3))
goto 200

-(...------------------------------------------------------------

I at this point we need to calculate the relative humidity from
! the potential teffperature, RdataAry(i,2) and the mixing ratio
SRdataAry(i,3). This is occomplished by finding the saturation

mixing ratio at the potential temperature and then the ratio
of 100 * r/rs is the relative humidity. Note that I have a

1 routine which gives rs = 0.622 * vappr(T) /(p(z) -vappr(T))
if I know T in degrees C. from List p308, we see that

I th = t *(lO00/p)" (2/7)
...------------------------------------------------------------------- )

100 Thetazrdataary(exactftag,2)
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mrzRdataAry(exactf Lag,3)
200 testp =paLt(alt)

c Here tatz is the temperature at attitude alt

tatz z(Theta.273.15) *xtoy(1000.0/testp, -0.286)-273.15
sr = 1000.0* smixr(aLt, tatz)

rh at z =100.0*mr/smr
rh-atz =MIN(rh_at_z, 99.9)

if (RH AT Z GOT. 99.0) THEN
Ext =999.0
Absor =999.0 1 0' extinction and absorbtion cannot be catcuLated)

el se
! (Find A's)
call novamw(RS~ata,Att,ko, 0, AO, SODsta)

call novamw(RSData,Ait,ko, 1, Al, SO~ata)

call novamw(RSData,A~t,((Io~ks)/2), 2, A2, SCOata)

call novamw(RSData,Att,ks, 3, A3, SO~ata)

endi f
i (calculate optics)
call Optics(AO, Al, A2, A3, SO~ata.RHH, waveLen, Ext,

S Abs, SlOlata.AMP)

500 RH=RH-AT-Z

end 1 subroutine WeakConvect jonCase
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APPENDIX E THE SIMPLE BOUNDARY LWER CASE (SINGLE
INVERSION)

SUBROUTINE SimpteBLCase(rscalc,WaveLen, Alt, Ext, Abs,
S RH,aO,al,a2,a3,rdataary,sodata)

C (---------------------------------------------------------------------------

c ( Purpose- Mixed Boundary Layer Case (formerly called NOVAMC) )
C ( Uses Davidson-Fairatt model )
c ( Catted by: NOVAMSR )
c ( Calls out: Bulk, lnitPDataVector, )
C ( Wecaic, Depo~..t, Whiteflux, )
C ( Optics, fna,fnb, fnc, Rh, )
C ( RealToStr )
c ( Preconditions: )
c ( Global Variables: (many from GLOBALS) )
C ( Revision History: )
C .......................................................................... )
c ( Date I Programmrer I Remarks )
c( .................................................................... ".... )

c (29 Oct 1991 Chartes McGrath Created Procedure from UNr'VAM.NOVAM )
c ( Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN )
c ( Jun 1993 Stuart Gathman Prepared for NOVAMSR operation )
C (. )

inctL.Je 'rscatc.inc'
include Isodata.inc.

rest POstal12)
integer exactftag,attfLag
real ROataAry(200,3)
real ROtO) /0.03, 0.24, 2.0/
real GAMA(3)/0.O, 0.0, 0.0/
real extvis, ko, ks
real Lcp

comvon/globals/dte,dqw,wthe,wq,ustar,tstar,qstar,tstr,tsky

c begin subroutine SimpLeBLCase

Z1O = 10.0 I from GLOSALS ( attitude of 10 m )
Lcp = 2460.0 i from GLOBALS

c ( We need to define dte, dqw, gamap, gamar & zinv at this time )
c ( In order to do this calculation we must assume that all of )
c ( this data is available before the subroutine is catted. )
C ........................................................................ )

c (....... Assign Radiosonde Matrix values to more descript structure ----
c ( RstlO is surface potential temip from radiosonde )
c ( tRsqp is surface mixing ratio from radiosonde )
c ( Zbase is height of base of cloud layer )
c ( Tbm is potential temperature at cloud base )
c ( Omb is mixing ratio at cloud base )
c ( Tunits should be 1 if potential temperature C. )
c ( Tbp is potential temperature at cloud base * )
c ( Qbp is mixing "atio at cloud base + )
c ( Zi is height of the cloud top )
c ( Thim is potential temperature at cloud top I
C ( Oim is mixing ratio at cloud top )
c ( Qunits should be 1 if mixing ratio in g/kg???' ??? )
c ( Tip is potential temperature at cloud top )
c ( Qip is mixing ratio at cloud top * )

... ........................................................................ )

rRstlO = RdataAry(1,2)
rRsqp = RdataAry(1,3)
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rZbase =RdataAry(2,1)
rTbm = RdataAry(2,2)
r~bin = RdataAry(2,3)
rTuriits =RdataAry(3,1)
rTbp =RdataAry(3,2)
rQbp =RdataAry(3,3)
rZi aRdataAry(4,i)
rThim = RdataAry(4,2)
rOim =RdataAry(4,3)
r~units =RdataAry(5,I)
rTip =RdataAry(5,2)
r~ip =RdataAry(5,3)

c --- Initialize variables --

Dte = rTbp- rTbTm
Dqw = r~bp-rQbn
Gamap =(rTbm rRstlO)/rZbase
Gamar =(robii rRsqp)/rzbase

c ... Find Longwave Radiation FLuxes to calculate sky temp~erature, Tsky ---

call sky2(alt, RdataA-y, SO~ata.TIO, SO~ata.0p, tsky)

c (--- Calculate Ustar, Tstar, varOstar, and Istr ...)

call Bulk(SO~ata.UIO, RSCa~c.thab, RSCatc.Tdelta, RSCatc.Qdetta,
S Ustar, Tstar, Ostar, Tstr)

c --- Calculate Uq, Wt, Utv, Ute, Wthe .-

Wt = Tstar * Ustar
Wtv = Tstr * Ustar
hWq =-Ostar *Ustar / 1000.0
Ute U t + RSCALC.Fthet *Lcp *Wq

Wthe = Ustar *Tstar 2460.0 *(-Ustar- Ostar) /1000.0

c ... Calculate We and Wstr --- )

ca~l. Wecatc(P~ata, RSCatc, SO~ata)

temp~we=RSCatIc .We

c (--- CaLculate ??? --- )

Rrhuma 98.0 I Srh used in depovel routine)

do 1 1 *3

dsize R0(I)/5.0E+05
call DepoveL(i, dsize, Rrhu.a. RSCatc.thab-273.15,

S Ustar, Vd, Vqdry, SO~ata)

I 0 Note that RO is radius in microns, while the 3rd depovel)
I ( size parameter, AO is diameter in meters.)

call Whiteflux(Sr, SO0ata.UlO, RO(I))

if (I .EO. 1) then
Xsr = FNA(SO~ata.AP4P)
Xp =Xsr

endi I

if (I EQ. 2) then
Xsr = FNB(SO~ata.UAve)
Mp m0.0

endi I

if (I .EO. 3) then
Xsr = FNC(SO~ata.UIO)
Xp z0.0

end if
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teiipwe=RSCaLc.We

I (! make iritiaL guess at tttt)
Tttz1.5*(Sr-Vd*Xsr+2.5*RSCALc.We*(Xsr-Xp))

temtp=rscatc .zinv
temrp~rscatc .wstr
GAMACI) Tttt/(RSCatc.Zinv*RSCatc.Wstr)
Tttt =1.5*(Sr-Vd*Xsr,2.5*RSCaLc.We*
S (RSCatc.Zinv*GAMA(Ij.Xsr-Xp))

I(I cac. gama after first interation in tttt)
GAMAMI Tttt/(RSCatc.Zlnv*RSCatc.WStr)
GAMAMi -1.0*GAMA(i)

enddo I (for loop)

c ( At this point we calculate what the effect of the measured svis would)
c ( be on the the profile. this part of the code added 1/22/91 by sgg)
C(Find what tht: estimated extinction would be a 0.55 microns

if (SO~ata.Svis .GT. 0.0) then
(use input visibility to correct data)
if (SO~ata.AMP .GT. 5.0) then

call Optics(0.3*fna(SO~ata.AMP),
S 0.7*fna(SO~ata.AMP),
$ fnb(SO~ata.UAve), fnc(SO~ata.UIO),
S SO~ata.RHHI, 0.55, ext, absorb, SO~ata.AMP)

else
call optics(0.0, fna(ScOrata.AMP), fnb(S00ata.UAve),

S fnc(SO~ata.U10), SO~ata.RHH, 0.55,
S ext, absorb, SO~ata.AMP)

end if

extvis =3.9/SO~ata.SVis
ko =extvis/ext

else
ko z 1.0

end if

c ( At this point ko is the correction term based on svis)

c (--- Calculate ks Tor the correction term for the sea salt terms ---
c ( --- from the IR measurements at 10.6 microns - --

if (SO~ata.IRExt .GT. 0.0) then
I (Use input ir extinction -0 10.6 MICRONS to correct data)
if (SO~ata.AMP .GT. 5.0) then

call Optics(0.3*fna(SO~ata.AMP),
S 0.7*fna(SO~ata.AMP),

S fnb(SO~ata.UAve), fnc(SO~ata.U1O),
S SO~ata.RHII, 10.6, ext, absorb, SO~ata.A.MP)
else

call Optics(0.0, fna(SO~ata.AMP), fnb(SOE~ata.UAve),
S fnc(SO~ata.U1O), S00ata.RH.1, 10.6,

eni ext, absorb, SOCata.AI4P)

ks = SOData.IRExtfext '(ks is the correction factor for
10.6 micron wavelength)

else
ks =ko

endi f

c (At this paint ks is the correction term based on irext)

if (SO~ata.AMP .GT. 5.0) then
call 0ptics(0.Pko~fnia(S00ata.AMP),
S 0.7*ko*fna(SoOata.AMP),

S ((ko~ks)/2)*fnb(SO~ata.UAve),
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$ ks-fnc(SO~ata.U10), SO~ata.RMHI,
S WaveLen, ext, absorb, SO~ata.AMP)

else
call Optics(O.0, ko*fna(SOC~ata.AI4P),
S ((ko~ks)/2)*fnb(SO~ata.UAve),

$ ks*fnc(SO~ata.UlO), SW~ata. RHH, WaveLen,
$ ext, absorb, SO~atb.AMP)
endif

teirprhh=SO~ata.R11H

c Technique for bracketing the input attitude with~ the two nearest

c sigfile attitudes.

aLtftagm'1
exactftagz-l

do 10 i=6,ROATAARY(1,1)

if (alt Ilt. RdataAry(i,1)) goto 11
if (alt .eq. RdataAry(i,1)) ,poto 12

10 continue

goto 13
12 exactflag~i
1.5 continue

IF(exactf lag .9t. 6) goto 100 Ino inter-polation necessary in this case
IF(aitfleg .gt. 6) goto 50 !interpolate mm.- and theta.

c SURFACE CALCULATION

RHAT Z=S00ATA.RIHH

if (SO~ata.AMP .GT. 5.0) then
AO0 0.3*ko*fna(SO~ata.AMP)

Al 0.7*ko*fn9(SQ0ata.AIMP)
A2 =((ko+ks)/2)*fnb(SO~ata.UAve)

A3 = ks'fnc(SO~ata.UIO)
call Optics(A0,A1,A2,A3,

S RH ATZ, WAVELEN,
$ ext. abs, SO~ata.AMP)

else
AO0 0.0

Al =ko~fna(SO~ata.AMP)
A2 =((kor~ks)12)*fnb(SO~ata.UAve)

A3 = ks~fnc(SO~ata.UlO)
cabi Optics(AO,A1,A2,A3,

$ ~RHATZ, WAVEL eNj
$ ext, a.bs, SO~ata.AMP)

endi f

goto 5000

c Here attfiag is the index just belch, the altitude and aitfiag + 1 is just above
c the desired altitude. we will do linear interpolation to find the require
c relative huiunidity froar the knowledge of the RdataAry and Al cf Lag.

so Theta=(RdataAry(altftag,2)-RdataAry(altflag-l,2))
theta~theta*Calt-RdataAry(altflag-1, 1))
thetaztheta/(RdataAry(attfLag,l) - RdataAry(attflag

S -1,1))
theta~theta + RdataAry(altflag-1,2)
mr=(RdataArycaltflag,3)-RdataAry(aitflag-1,3))
mr=mr*(alt-RdataAry(altflag-1 ,1))
mr~mr/(RdataAry(al tf lag, 1) - RdataAry(aitfkagl , 1))
mrrnr+(RdataAry(altf lag-i ,3))
goto 200
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! at this point we need to calculate the relative humaidity from
I the potential temp~erature, RdataAry(i,2) and the mixing ratio
RdataAry(i,3). This is accomplished by finding the saturation
Imixing ratio at tI-e potential temrperature and then the ratio
Iof 100 * r/rs is the relative hiuaridity. Note that I have a
routine which gives rs = 0.622 * vappr(T) /(p(Z) -vappr(T))

Iif I know T in degrees C. from List p308, we see that
Ith =t *(1000/pr' (2/7)

---- ----- --- ---- -- --- --.-- --- - .---- ------- - ----- ---- --------
100 Theta-rdataary(exactfLag,?.)

mr=RdataAry(exactf lag,3)
200 testp =patt(alt)

C Here tatz is the temfperature at attitude alt

tatz (Theta*273.l5) * xtoy(1000.0/tesip, -0.286)-273.15
smr 1000.0' smixr(alt, tatz)
rh-atz = 00.0*mr/snir

if (RH -AT 2 tle. 99.0) goto 2000
Ext z999.0
Absor z999.0 1 (! extinction and absorbt ion cannot be calculated)
goto 5000

2000 Alt-o4 obs = alt

(????! CALL ParceL2(Pdata, Rh, Dl, D2, 03, D4, 05, 06, D7, DB))
I (find AO & Al)
if (Alt-of-obs L.E. RSCalc.ZInv) then
if (SO~ata.AMP .GT. 5.0) then
Al zAlt of obs*GA4A0l)+fna(S00ate.AMP)
AD 0.3 - Al
Al =0.7 * Al

else
AO =0.0
Al= Alt of cbs*GAMA(1)+fna(SO~ata.AP4P)

endi f
else
AD 0.0
Al = RSCatc.Zlnv'GAMA(l).fna(SO~ata.AMP)

end if

!(find A2)
if ((Alt of obs.LE.RSCslc.ZInv) .AND.

S (Alttof obs*GAJ4A(2).fnbCS00ata.UAve).GT.0.0)) then

A2 = Alt of obs*GAl4A(2)*fnb(S00ata.UAvf,)
else
A2 =0.0

end if

!(find A3)
if ((Alt of obs .LE. RSCatc.Zlnv) .AND.

S (Alt of obs*GAMA(3).fnc(SO~ata.UlO) .GT. 0.0)) then

A3 2Alttof obs*GAMA(3)+fnc(SO~ata.UlO)
else
A3 = 0.0

endi f

call Optics(kO*AO, ko*Al, ((ko-ks)/2)*A2, ks*A3, rhat~z,
$ WaveLen, ext, Abs, SO~ata.AMP)

5000 rh=rh-at-z
aO~ko*&0
al =ko~al
a2=( (ok)2i
a3=ks'a2

end I ( procedure SimpLeBLCa~e



APPENDIX F FUNCTIONS USED IN NO\AMSR

FUNCTION sgn(x)

if (x .eq. 0.0) then

sgn=O.0
etse

sgnmsign(1.0,x)
endif
return
end

iUNCTION PotentiaL temperature(pat)
PotentiaLteflperature=(at.273.15)*xtoy(10

0 0
.O/p,O.

2 86 ) -273.15
end I (end Potent;attewperature)

FUNCTION rMixing_ratio(h,at,p)
rMixingratio=h*620.Ovappr(at)/(100.0*(p-vnppr(at)))
end ! (end rMixingratio)

FUNCTION Powerl0(X)! real) : real;

c ( Purpose: Calculate the value of 10 raised to the X power. )

c(

c ( Preconditions: )
c ( Global Variables:
c ( Revision History: )
c. ....................... ...................................................

c D ate I Progranmnr IRemarks
C ............................... ............................... ----------

c ( 02 Oct 1991 Charles McGrath ComnwnTs added )
c ( Nov 1992 Linda Hitney Converted from PASCAt to FORTRAN )

c begin
PowerlO = exp(X*2.3025850930)
end i (funciton PowerlO )

FUNCTION Vappr(T)

c ( Purpose: To calculate the saturation vappor pressure over water at the )

C ( temperatue T. )
c)
c ( Preconditions: )

c ( Global Variables: )
c ( Revision History: )
c ( ..........................................................................
c ( 9ate SProgramner F Reirks )

c ( 02 Oct 1991 Charles McGrath Comnents added )

C 4 l Nov 1992 Linda Ntney Converted from PASCAL to FORTRAN )

C

SThis is an 4proximation to the Goff-Gratch Temperature, Saturated

Vapor pressure over liquid watur formula. it was described by

Ri-hards (1971) and Wigtey(1974). In this subroutine, I is in

degree C, and vappr(zzz) is expressed in mbs.

c

R1 = 13.3185
R2 = 1.976
R3 z 0.6445
R4 0.1299
RO 1013.25

If ((T .GT. 50.0) .OR. (T .LT. -50.0)) writc,-..000) T
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9000 format(Itemperature input to Vappr function is out of range:
$ f12.6)

TOO = 1.0-373.0/(T*273.0)
Vappr=RO*EXP(R1*TOO-R2*tOO*tOO-R3*tOOtOO*tOO-R4*tOO*tOO*tOO*tOO)
end I (function Vappr)

FUNCTION PaLt(Z)
C--------------------------------------------------------
c ( Purpose: To ca~cutate the pressure at an attitude Z assuming a )
c ( standard atmosphere. )
cC )
c ( Preconditions: )
c ( Global Variables: )
c ( Revision History: )
C - - - - - - - - --...............................................................)
c C Date I P.-ogrammer I Remarks )
c(..................................................................... )

c (9/29/87 Stuart Gathman Function coded
c ( 02 Oct 1991 Chartes McGrath Comments added )
c C Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN )
c -- - - - - - - - - - - - )
c Converts z in meters to pressure (mb). This
c is a rough fit to the NACA standard atmopshere
c data found in table 63, p267 of List.)

if (Z.GT.500.O) then
peLt = 1021.38 * exp(-1.2739E-4 * Z)

else
paLt = 1013.0 - 55.0 *z / 500.0

endi f
end I PaLt

FUNCTION Attitude(P) 1 (OK 9/29/97)
C (---------------------------------------------------------------)
c ( Purpose: To calculate the attitude in a standard atmosphere which )
c ( would have a pressure of P. )
c( )
c ( Preconditions: )
c G Global Variables: )
c ( Revision History: )

c ( Date Programmer j Remarks )
CC(..................................................................... )

c ( 9/29/87 Stuart Gathman Function coded )
c C 02 Oct 1991 Charles McGrath Coamments added )
c ( Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN )

(I T function computes attutude in meters from pressure in obs.
I Th)z fornuta is a fit to the NACA standard tower atmosphere data

(Smithsonian Met. Tables 063, List (1968)))

I begin (attitude)
attitude = 0.0
if (P.GT.1013.0) return
if (P.GT.958.0) then

attitude 9.091(1013.0-P)
else

attitude 7850.O*tog(1021.38/P)
endi f
end I attitude
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FUNCTION CIO( Iws, iws, Iq)
c (uua• suuuuuu uuuu•1auuuuuuuu uuuuu)
c ( Purpose: To catcutate the drag coefficient give a current wind speed. )
c)
c ( Used In: functions Zzero, Fqstar, Fmtnt, and Thstar
c ( Preconditions: )
c ( Global Variables: )
c ( Revision History: )
c( .......................................................................... )
c( Date I Programmer IRIemArks)

o ( Sept 1987 I Stuart Gathmsn Function coded )
€ C 02 Oct 1991 Charles hcGrath Coments adasd )
c ( Nov 1992 I Linda litney Converted from PASCAL to FORTRAN )
c (.UUm uuz u.uMu-•UUS mUSEU msumu mmuu mmmm33 -mm3a833Sauua33m333 m.ammu)

c VI This subroutine caLcuLates the drag coefficient. if wind speed at
1 10 meter, is mmiure,
I Deacons suggested form is used : Roll (1965), p161.
I If no tind Is pressured, a constent value Is used.

if (liwas.NE.-1) then
CIO a O.O011+4.OE-OS*Iws

else
Iq a Iq-1
CIO a 0.002

ndI f
end I (function CIO)

FUNCTION Zzero(liws, Ims, 1q)

c C Purpose. To calculate the dynsimic roughness of the sea surface. )
cC )
c: )
c C Preconditions: )
c C Globat Variabtes: )
c C Revision History: )
cC ........................................................................
c C Date I Progrslmer Remarks )

o ( Sept 1987 1 Stuart Gathm I Function coded
c C 02 Oct 1991 Chartes HcGrathI Coments -4ed )
C C Nov 1992 Linda Hitnery Converted from PASCAL to FORTRAN )
C (mumuaamumm ummm ----------- umumumlmumumu mmmuaamauluummamcuamma)

c (I This s•broutine calculates the dynamic roughness, zzero in mters as
I a function of wind speed folLowing Charnock(1955) and expresses
I friction velocity in term of the drag coefficient and msasured
I wind *pd.)

If (Iiws.NE.-1) then
Zzero a CIOClws, lIws, Iq)*0.000333"ws'wselse

Iq a Iq-2
Zzero 1.OE-05

endif
end I Zzero
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FUNCTION Smixr(x, T)
C Emuz na uzrmmmm MZUB NU Ua= n
c (Purpose: Calculates saturation mixing ratio at altitude x amid tim 7
cC
c C Preconditions:)
c Cglobal Variables:)
cC Revision History:)
c ......................................

c ( Date I Programmr I Rmarks
c -------- -------- --------- -------- -------- --------- -------- --------
o Sept 1967 Stuart Cathamn IFunction coded
c C02 Oct 1991 ICharles McGrath Coments added
c NOV 199 I Linda Hitney IConverted from PASCAL to FORTRAN )
c Cunuuuuaaaaaazaauuuuauaaauu u m eamuawasamu)
c (I Calculates the saturation mixing ratio in kg/kg or g/g at height x

I and temperature T(c).)

vpwam vapprct)
Smixr a O.622*vpem(PaLt~x)-Vpem)
end I Smixr

FUNCTION FqstarC Ic~t, lime., 1w,, last, 1q)

c (Purpose:)
c CThis is the OFriction Mixing Ratio" used in QZ and calculated using )
c C the appaximaticns of the bulk aerodynamic method; Roll(1965) p252,272 )
cC (
c Preconditions:
oc Global Variables:)
cC Revision History:)
cC....................................................................)
c C ntate Programmr IRemarks
c ------------- -------------- -------------- -------------- --------------
oC Sept 1967 Stuart Bathman IFunction coded)
c C02 Oct 1991 Charles McGrath IComaents added)
c C Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN
C (aanu auuuuu a- mu-a-aa-ua-uauauuuuuuuuuuuuun

Ok a0.38
ZZ 10.0
YY a lptl10.0
Gas SaIxr(zz, Yy)
zz 0.

*y isut/10.0
00 a O.98*Smixr(zi, yy)
Ca a C1OCims, limes, lq)
Fqstar wSOftt(C&)*(GsaO)/Fk
"en I 'Lit,%r

FUNCTION Th( T, Z)
C uauuauaaaaaauuuuuuwuzauuuuuuuuuuuuuuu
c C Purpose: converts temperature (K) to potential tomersture~k) at alt z)
cC
cC
c Precoriditcinrs:
cC Global Variables:)
oc Revision History:)
c ------------- -------------- -------------- -------------- --------------
c C Date I Programser IRIemaorks
c -------- --------- --------- --------- --------- --------- --------
oC Sept 1987 Stuart Gathaan Funmction coded)

oC02 Oct 1991 Charles Mc rath C~eto added
c Nov 1992 1Linda Hitney Converted from PASCAL to FORTRAN )

Th * T'EXP(0.286'log(1000.O/PaLtCZ)))
end I Th
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FUNCTION FM.nt(lws, liws, last, lat, Ilq)

e ( Purpose: This isn approximation for the mixing length using )
)
c ( ROLL (10 5), p14i, 252.
c( )
c ( Preconditions: )
c ( Global Variables: )
c ( Revision History: )

c Date I Programmer I Remrks )
cC(.................................................................... )

c ( Sept 1987 I Stuart Gathan j Function coded )
c C 02 Oct 1991 Charles McGrath Confewnts added )
C ( Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN )
C (lluslllll'a llllll -- usiliululuuu -- aaauu"llasu suuluii Iu11 llu lllu llu lll a)

if (lis .Ea. -1) then
FL.nt a -100.0
lq s lq-2

eLse
TO * 273.15*Isst/10.0
Ta a 273.15.1et/t0.0
Ca a COCius, ti|s, lq)
X a TO*SORt(Ca)*0.2646*1wsilws
ZZi a 0.0
zz2 a 10.0
Y a 9.8'0.38*(Th(TO, ZZ¶)-Th(Ta, zz2))
FmLnt a -X/Y

ondif
eW I FmLnt

FUWICTION Oz(liws, tws, Iq, last, ldpt, Z, let)

c ( Purpose: This subroutine calculates the mixing ratio (Qz) in g/9 )
C ( at attitude, z in an atmosphere which obeys a Log-Linear )
c ( relationship : RoLL(1965), p273. )
C C Preconditions: )
c ( Gtoblt Variables: )
C Revision History: )

c C Date I Programmer I Remarks )
cC..-o.....-.......o........o....o... .... o........o...o........-....°......)

c C Sept 1987 Stuart Gathmn Functlon coded I
c C 02 Oct 1991 Charles McGrath Comments added I
c C Nov 1992 Linda Hitrey Converted !ram PASCAL to FORTRAN I

TO a lsst/10.0
zil a 0.0
00 a O.* . Smixr(zzl, TO)
Osr m Fqstar(ldpt, lims, twa, last, lq)
ZO a Zzero(liwb, 1ws, lq)
X (Z*2O)/ZO
FL x FmLnt(Iws, l1ws, list, let, [q)
Qz a QO4Qsre(loo(X)+4.8*Z/rL)
end I Qz

57



FUNCTION Yhstor(Iat, 11ws, Iws. last, Iq)
c (~asusauuuuuu~u.usw~uu..usu~u.3~uamasz
c ( Purpose: This is the -Friction Potential Temperaturese used in the
o ( calculation of t'hz using the approximation of the bulk)
c C &erodyrnmic owthod;Rott(1965) pages 252 & 272.)
c C Precoriditions:)
c ( Global VariobLes: )
c C Revision History:)
c ------------- -------------- -------------- -------------- --------------
c C Date I Progrumwr IRemarks)
c ------------- -------------- -------------- -------------- --------------
CC Sept M97 IStuart Sathman IFuniction coded
c C 02 Oct 1991 ICharles McGrath IComments added
C C Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN )
C (gas - -------- ---- ---------u~u~auuuzau~auuuauuuu~u

Fk 0.38
Tao 273.15*IacflO.0
TO u273.15.Isst/il0.

C. a CiO(iws, liws, Iq)
X11 a 10.0
W2 s 0.0
Thstar a SQRt(C&)*(Th(la, zzi)-th(TO, zz2))IFk
end I Thstar

FUNCTION Thz(Iiws, 1w,, Iq, last, fat, Z)
C(uasseuuuuuuuumuauuuuasuuuuuuuuzuzuuu=
c ( Purpose: This funiction calculates the potential tenMprature
c C at altitude z in an atmosphere which obeys a Log-Linear
C ( relationship : Rol.(¶965), p 273.

c )
oC th(l) -thCO) a thstar*(Iog((2ZzO)/ZO) +aLpha 9z / L
c; where aLphea 4 .8)
oc Preconditions:)
c( Global. Variables:
c t. Revision History:)
C.-.------ ----- ----- ----- ----- ---- ----- ----- ----- ----- ----- ----

oC Date I Programmer IRemarks)
c ------------- -------------- -------------- -------------- --------------
oC Sept 1967 StuatCtma Function coded

oC02 Oct 199 Chale 0cC rath Comments added
C C Nov 1992 Linde Hitney, Converted from PASCAL to FORTRAN )
C (sussauuuumuuuau------uaumamuumuauuau~uauuuuuu

TO *273.15.isst/1O.0 1 (7O is the sat surface teap In K.)
X 0.0
ThO Y h(TO, X) I (ThO is the "potential temperature" at surface.)
ZO aZzerotliws, Iws, Iq)
X * Z+20)IZO
Fl.a Fo~nt(1ws, 11w,, lost, lot, Iq) I (Monin Obukhov mixing Length)
Tatar *Thator(lot, liws, 1w,, last, lq)
Thz *ThO+7stor*0o9(X)+4.8*Z/FL)

envd I 7hz

FUNCTION Vp( R, Z)
o auuauuaauuuuuauuuuaauuauumuuaaa.uuuaum
c C Purpose: To convert mr(g/kg) at z to vp~mb)
c C Revision History:)
C...............................................................--------
cC Date I Prograrnuer I Remarks)
C...............................................................-------

oc Sept 1987 Stuart Gothman Fun~ctioni coded
c 02 Oct 1991 Charles McGrath Comments added)
oC Nov 1992 Linda 4, tney JConverted from PASCAL to FORTRAN )
o (sussauamuam -uUKuusu .- uaaumuaama--au--moonsuuauu auzu)

VP a PaLt(Z)*R/%O.62?.R)
eid ItVp
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real FUNCTION LOGIOMXI real) :real;
C {sWUu**~uU33UU2ZuU3U3U3UUZUSU:U3

c C Purpose. Calculate Log to base 10 of the argument.
c ----------- ------------ ----------.*------------ ------ .*.--- -----------
cC Date I Programmer IRevision History)
c ------------- -------------- -------------- -------------- --------------
c C Sept 1987 IStuart Gotma I unction coded)
c C02 Oct 1991 ICharles Mc =roth j Comments added
c( Nov 1992 Linda Nitney Converted from PASCAL to FORTRAN
C (umuse uuuuuuu---------wu~uuau~~emuuauu.suuumuu

if (x.LT.0.0) writ*(*.*) 'error in Log'1O routine,
1.0010 a LogCK)/Log~lO.O)

FUNCTION Zcon( Taos, Rsa, Zsa)

c ( Purpose: This subroutine calculates the lifting condensation level where)
c ( tat@ is the potential temperature in Kelvin at Alt, zsa and Rae is)
c ( the mixing ratio at tnis %evel .*% 9/kg. This formulation is an
c ( empirical fit to date in the SmitC'sonian Met. Tables, p.328. 3
c ( Revision History-
cC..............................................................-------
c C Date I Programmer IRemarks3
c ------------- -------------- -------------- -------------- --------------
c ( Sept `198? Stuart GathoaIn Function coded)
c C02 Oct 1991 Charles Mc~rath Cmnts added3
cC Nov 1992 Linda Nitney jConverted from PASCAL to FORTRAN )
c aun ---unsuusa.uu~unnuuwuunn~uu~anuuruuzuuuu

Tooa TasaIEXP(O.286*tog(1000.OIPaLt(Zsa)))
fasa u VPCRsa, Zos)
Fk a 1.0/0.286
X 0 ExP(Fkklog(isa))
7c rn732.02-150O4lCLogiO(X)-L0Gi0(Esa))

7c * c+7.21¶(LOG1OCX)-LOG1OCEsa))*CLOGIO(X)-LOGiO(Esa)).273.15
Pa 1000.0'EXP(*1.O*Fklaog(isat/Tc))
Zcon *A~tiUde(P2)

end I Zcon

FUNCTION FNIsbaCI)
C (amduuuumuuS.0uuuuummurmuummussaumau..uuur mnnauuuuuu.au

c C Purpose: converts input values of I (i0*T in integer form) into T(K))
c C Revision History:
c ------------- -------------- -------------- -------------- --------------
cC Date I Programmer IRemarks3
C(..............................................................------
c ( Sept 1987 Stuart Gathman IFunction coded
c C02 Oct 1991 jCharles McGrath Comments added
c C Nov 1992 Linda Hitney IConverted from PASCAL to FORTRAN
c auuamurnuuuunsmauuuuruu..uuuua.uuaumzu)

c begin
FNTabs a 273.15+1/10.0 1 1
-Wi I W~abs

FUNCTION FdptCTIO, Qp)
C(ruunrsuuunumumurtuuuruunuzuuuuuuurusmunuu)

c C Purpose: Calculate the dew point given the temperature t10 and op )
c ( Revision History:

C(-------------------------------------------------------------I
C( Oste I Progrommer IRemarks)
c ------------- -------------- -------------- -------------- --------------
c ( Sept 1987 1 Stuart osthimon IFuniction coded
c C02 Oct 199 Charles McGrath Ccmawmnts added3
c C Nov 1992 jLinda Hitney Converted from PASCAL t2 FORTRAN )
C ( sussawausn Know.cgs uu.Euurnrnuztm :!m~u:nst:3ustngsumuuuazzrnz~zusuzazz~uu.=rn
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Eprime a Qp*l. 0 13t(0.6219 7.0p*0.001)
Tteast aT10 IStart with dew point at air tean and go down.
do whIte (Vappr(Ttest).GT.Eprime)

Ttest x Ttest-O.1
Wnddo
Fdpt u Ttest
end I F"®t

FUNCTION xtoy(x, y)
C (am Rose uLMumuzz aa•tuaxae 22muu::2uuum zlaazuuuztau as)

c ( Purpose: Catculate the value of X raised to the yth power
c ( Revision History: )
e ( .......................................................................... )
c C Date I Programmer IRemarks

e ( Sept 1987 I Stuart Gathmsn I Function coded
C ( 02 Oct 1991 Chartes McGrathj Cements added
c C Nov 1992 Lind@ Hitney Converted from PASCAL to FORTRAN
C (WimumuaaRUonuu tB u s•Imufluua fluuu HuasIuuuauuuuIstzw)

itf (Cy .EQ. 0.0) .and. (x.NE.O.O)) gote 1000
if ((x .EQ. 0.0) .and. (y.NE.O.O)) goto 2000
zzz a Y*Log(x)
if (zzz .GT. 25.0) then

xtoy a 9 - 9999- 9.9
write(*,*) 'nimericat errors In xtoy routine,

gote 9000
endif
if ((x.GT.0.O) .a"d. Cy.NE.O.0)) xtoy a oxp(ytiog(x))
if (x .GE. 0.0) got* 9000

c At this point we worry about negative x's
itf (frac(sbs(y)) .6T. 0.000001) .mnd. (x.LT.0.0)) then

write(*,*) 'error non integer y and negative x1
xtoy a .............. .90
gat, 9000

eLse
z * abe(y/2.0)
X -X
vaLue m exp(yatog(x))
zz a frac(z)
if Czz .LT. 0.000641) then

xtoy a vaLue
else

xtoy a -1.0 vsLue
endIf

endif
gote 9000

1000 continue
xtoy a 1.0
gato 9000

2000 continue
xtoy a 0.0

9000 continue
end I xtoy

FUNCTION frac(x)
frac-x- int(x)
and

reat FUNCTION Ku cleC(T)
o (msauuuuuuasau••uuunimalll•llluuuuuauuauuauuuuiiumuuiiauluanmsa~aum.=ttzauml)

€ ( Purpose: CaLcuLate the dynemic viscosity at I(K). Based on
c ( Sutherland's equation in List p 394.
c ( Revision History:
c (- - - - - - - - --..............................................................)

C Date I Progrnmer I Reimrks
c .......................................................................... I
c C Sept 1987 Stuart Gothean Function coded
€ ( 10 Oct 1991 Charles McGrath
c ( Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN )
c (intauauiuialaauaaUliluamsauuuu mauuu•llll•I tlll~N~l•mla60)
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rest MUO
C a 393.16 1DEG K
WA t .532S7E-05 Ikg/rn/SEC

TO a296.16 1K
tU-CALC a 1MuO*CT04C)*EXP(1.5*LoI(T/TO))I(1.C)

eWd IIU-cate

FUNCTION FNR(F)
c (uauuuuugu~uum~usuugmug~uaau.au.332aw=
c ( Purpose: Specialize function used in Deposition velocity equation. )
c ( Revision History:

c.............................................................)
c( Date I Programmer IRemarks,

c Sept 1987 Stuart ahan Fito oe
c( 10 Oct 1991 charle ncrth )
c( Nov 1992 Linda Hitney jConverted from PASCAL to FORTRAN )
C (aumuaauas-------aaauaua~mua..as..au.iuuumauun~ua

FNR a (1.O+.1./CF*FFW)1OOO.0
end I FNR

FUNCTION Diff coef(AO)
c (aauuuazuuauzaa~u~uuuazau~~u~~a.as:=~~
c ( Purpose: Specialize fun~ction used to calcuiate the diffusion coefficientl)
t ( based on a curve fit to a graph obtained from Toomey(1977) p66.)
c ( Revision History:
c ----------- ----------- ------------ ----------- ------------ -----------
c Date I Progranner IRemarks)
c(..............................................................-------
c C Sept 1987 IStuart Gathain Function coded
C ( 10 Oct 1991 Charles McGrath)
c ( Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN
c Csuns ---aauaus----ua --- aaauuuaaauuauauuauuaausu

AaalOO.0*A0 I converts from meters to cm.)
Sbu1.5849Ef16/(A5*A5).1.3E-11/Aa I Tomey (197? fig 3.6 p66)
01ff coef&Bb a 0.0001 1 converts from csn2/sec to m'2lsec.)
end I (funmction 01ff coef)

FUNCTION FNH(A)
FNH a WA(O.O, A)
eid

FUNCTION FNA(Amp)
FNA a 2000.O*AipAap
eind

FUNCTION FNB(Uove)
PHI a NAX(O.5, S.866*CUave*2.2))
end

FUNCTION FNC(U)
FNC a exp(MO. -U2.8)*.3025B50930) IpowerlO fun~ction
END

cheracter*2 FUNCTION pedCVatue)
Integer*? Vatue
charecter*2 S
writeCS,'(i2.2)') Vatue
Pad rS
end I pad
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FUNCTION Td( 0, P)

c C Purpose: Calcutlate dew point tewerature from mixing ration and pros. )
c ( see Bolton WA (1980) v108. )
c ( C•led by: ParceL2 )
c Calts Out; (none) )
c ( Revision History )

o C Date I Prograsar I Rmarks
of........................................eII~el I II.................... III*e•uI i

" 10 Oct 1991 Charte* NcGrath
c 5 Oct 1992 Stuart Gathmsn Clean up the set of routines

OW 0/1000.0
E *P*w/(0.622+ft)

Td * (243.SeLog(E)-MO.8)/(19.48-Log(E))

end I Yd

FUNCTION rilix ratio( Tcent, Rh, P)

c ( Purpose: Calcutste mixing ratio from T, Rh end press .
c ( This is an aIproximation to the goff-gotch formula which is I
C ( good to 1/2 % error for - to over 25 1eg )

c ( ( p is in mitlibars, and rNix-ratio will be in g/kg) )
c ( Called by: Parcet2 )
c C Calls out: (none) )
c C Revision History: I

c C Date I Progrmmer Remrks I
CC .................................................................... )

c C 10 Oct 1991 Chartle McGrath I
c ( S Oct 1992 Stuart Gathman Icleaned up routines I

Ex a 6.112*ExP(17.67*Tcent/(Tcent.243.S))
Gast a 622.O'Ex/(P-Ex) I List, p302
rNix-Ratio • Qsat*Rh/ilOO.O
end
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APPENDIX G SUBROUTINES USED BY NOVAMSR

piJaURJTINE RedSltupFi lte(WC veLeothStrlnq, turfseeFi lePath,
$ ProfitefilePath, Datelype, Reld~k)

c ( Purpose: Roeds variables from setup file (MOVAM.IWI) )
c ( CalLed by: NOVAN driver )
c C Cells out: none
c C Preconditions: setup file should exist )

oC Dawt I Programanr IRevision History)
c .......................................................................... )
c C 10 Feb 1992 Charles NcGrath created procedure )
c C Nov M992 Linda Hitney converted from PASCAL to FORTRAN )
c Z Nay 1993 Stu Gethtmn coordinate with NOVANd )

logical Read0k
logical FiWleExists
integer TextFile
character*10 UeveoengthString
charecter*¶ DateType
chareterl12 SurfaceFi laPeth, Profi leFt eoPath
chare6 Zer*12 SetuFi te

SetUpFite a INOVAN9, t1t
TextFi le.30

in*qiro(f i LoSettupFi te,exlstFi tsExists)
if (FilteExists) then

oenC(us1mtuTextFi le,filteeSetupFfi le,stetu•sold0)
itsed(TaxtFIlte, 'i)) IaaveLtngthStrlt,
fteed(TextFilte, 'i()W) SurfeceFitePath
Read(TextFtle, '(a)') ProfiteFi teath

eoed(TextFile, *Cl2x,a¶)') DataType
cleC(TeixtFi L)
ReedOk - .true.else

Reodw a false.
endif
end I RoeaSetupFile

SMOUTSINE convert

c ( Purpose: Converts type aptmr.dat files Inot p•trfh.dst type of file }
c ( This is a prograo to convert the altitude, Potential Teperature and )
c ( mixing ratio date into the pressure, air teoperature and rtel humidity )
c ( profile data. This is the batch Mi@e version which doesnt need to ask )
c ( questions of the operator. )

c C Called by: NOVAMSR )
c C Calls out: none )
c C Preconditions: setup file should exist I

o C Date I Programmr I Revision History I
cC ..... ................... .. °....................................... )

c C Feb 1992 Stu Gothimn I created subroutine I
C (asguamra s •tuaa onuaauaf* a a swa s can amn un a sswase Safam asasausaB usmmasses)

Integer inrptoutput
real togpres,s,b,c,aO,bO,cO,sstmr,satvp
real pres(D00O),irt0(1000),rh(1000)

C reed in the type I data file
iriutell0
open(ursittinputf iLea'alptur.dat,statu-OeLod,)
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outputasl¶
open( a'n1tuoutput,fi eIua'Ipat rh.dat' .statuaw',unknown')

read(Input.*) a,b,c
so=&
bOsb
cO-c
J-0
do while (.not. efof~nput))

read( Input,*,eondw99) a,b,c
if (a AGT. &0) then

If (a I.T. 500.0) then
pres~i )*1013.0-55.0a1/500.0

else
pres(j )z1021 .38*exp(-0.00012739'a)

ewidi f
I ogpress4342.9M8* og (pros ( j)
eirt(j)s(b4+27'3.15)/eyp(O.286*tog(1000.0/pres(i)))-273.iS
setvpinvappr(irt(j))
latmrn620.0'satvpl( preaC j )- sat vp)
rh(J )ulO.O*c/aatar
wrIte(output*,(i8,4f8.0),) J,togpre.,1O.O'airt(j),rh(j),

$ 10.0vPreg(j)

b0-b
coac

Olse
read(input,*,end.999) aO,bO,cO

anddo

999 continue
c~cseinput)
c Lose(output)
end Iconvort

SWROITINE filter
C (swassinazzUa Arouses= uzzs UEZ" uuuas suuuaamas uuuu.. umse secesse.)

c (Purpose: To filter ROAB data to determine significant levels)
c (Called by: NOVANIR
c (Calt$ out: Histogram, Smooft)
c( Preconditions;)

c ( Date I Programmuer IRevision History)
C(..............................................................-------
c 1 0 Feb 1992 Rich Paulus created BASIC program)
c( Nov 1992 Linda Hitney converted from BASIC to FORTRAN
c (21 May 1993 1Stu Ge~thewan jcoordinate with MOVA14SW
C (umuusaumuuuuuaum.aauuuu ------- uuusaaauuuzuamuu

CNARACTER*12 Fitenem,fi to
lNTEGER*2 W~ax
INTEGER*2 Time
INTEGER*2 a
REAL4 Binslie
REAL04 DT
LOGICAL Ftips

DIMENSION Tenq,(21), X(2000), Y(2000), d(2000)
&IIMENSIOW Time(2000)
DIMENSION parray(2000), tarray(2000), rharryC2000)
DIMENSION Psmth(2000), Tsinth(2000), Rmsmth(2000)
DIMENSION dtdp(200O), drhdp(20O0), d2tdp2(2000)
DIMENSION Ptvip(500), Ttop(5OO), R~tmp(500)
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c This section reads and RS-80 roab data as output from
c the PP-11.

N a 1 Idefautt median fitter order of i

FILE a "Uptrh.datli
Ntevets 200

OPEN (unilt12,file=FILE,statusiold'2)
NTZERO a 0.0
1.0

DO WHILE (.NOT. EOF(12))
ItEAD(12,*) a, b, c, dinput. E
p a E / 10.0
t a / 10.0
rh a dinput
IF (I .EQ. Ntevels) GOTO 7000
1I= +I
Time(1) = s
perray(I) - p
tarray(I) a t
rharry(1) a rh

ENODO

7000 CONTINUE

imax = I

iopt a 1

IF CiOpt .EQ. 1) THEN
DO I a 1 , NmAx

XCI) a parray(l)
ENDO0

ELSEIF (lOpt .EQ. 2) THEN
DO I M I Mmax

X(I) a tarray(l)
ENDDO

ELSE
DO I 0Nma

XCI) a rharry(l)
ENDO0

END IF

c for Nth order filter, copy N end points from input to output

DO I a I , N
Y(I) a X(I)
Y(Nmax * 1 - 1) a X(Nmx * 1 - 1)
ENDDO

L a 2* 1 NI window te•ngth

c median fitter of order N without reptaceesnt

001 aN 1 , Nmax -
DOJul , L

Temp(J) x X(I + J - N - 1)
ENDOO

c sort Top into ascending order
Flips .true.
O0 WHILE (Flips)

Flips .fealse.
DO J 2, L

IF (Temp(J - 1) .GT. Temp(J)) THEW
Flips z .true.
SavSeMTep(J-1)
Tenp(J-1)sTeWp(J)
TeImPp(J)uSave

END IF
ENDDO

ENDDO
Y(I) a Tef(N * 1) 1 median value

EINDO
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C compute difference histogram and determine threshold, initial bin
c size is .2 for P & T and 2 for RH

einslznai .2
IF (Iopt .EQ. 3) Blnsize a 2
DO I * I , wmx

W1I) * XC') - Y(I)Emuo
CALL histogram(d. MwAx, inasize, DT)

c generate final output as W)

DO I ,1 , Nmsx
IF (ABS(d(I)) .GT. OT) X(I) a YCI)

ENOCO

IF (topt .EQ. 1) THEN
Pts u 3

ELSE
pts a 6

ENDIF
CALL SNOOFTCX, Nmax, ptS)

IF (lopt .EQ. 1) THEN
Do I a 1 , Nmex

Poath(l) a X(I)

ELSEIF Ciopt .AQ. 2) THEN
I0 1 a 1 , Max

TYmth(I) a X(1)

ELSE
00 1 a I .* t

RHamth(l) a XCI)
EWIDO0

FPD !F

iopt a 2

IF Ciopt .EQ. 1) THEM
DO I a , Nmsx

XCI) z parrayCl)

ENODO
ELSEIF Ciopt .EQ. 2) THEN

DO Z 1 , Nmx
X(I) Z tarray(1)

E UDDO

ELSE
00 1 C I NMax

XC1) a rharry(l)

ENI) IF

c for Nth order filter, c:opy N enKd points from input to output

DO Ia I 6, N
YCl) a X(I)
UWNWX4 1 - I) X(NMAx * 1 -)
IND'-"

L x 2 " k + I I wirndow Length

C median filter of order N without replacement

DO 1 N. 1 , Rmax - N
DO,= , L

7jp(J) •X(; •4 J - N 1)
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C Seri Tomp into ascending order

flips a .tre-
00 WHILE (Flips)

Flips * fatsO-
00J 1 L

IF (Tep(J -1) .G7. TempCJ)) THEN

Flips a .true.
SavezTempCJ-1)
T..P(J11)311flp(J)
TmapCJ)wSbve

END IF
EN000

ENDLO
1(I) - lmN 1) Imedian value

ENDDO

c coap~tt difference histograml and determin! threshold. initial bin

c size is .2 for P &T and 2for RH

Sinsize - .2
IF (lopt .EQ. 3) Dinsize =2
DO I a1 , Noux

dCI) a XCI- YCI
ENODO
CALL hlstogram(d, Nmax, Ginsize, DT)

c generate final output as x(i)

DO I a 1 , Umax
IF-(ASS(d(I)) .AT. DY) X(I) YM(1

ENDDO

IF (iopt .EO. 1) THEN
pts 0 3

ELSE
ptsa *6

END! F
CALL SMOOFT(X, NmAx, pts)

IF (lopt .EO. 1) THEN
DO 1u 1 , Umax

Psmth(I) a XCI)
ENDDO

ELSEIF (iopt .EQ. 2) THEN
DO I a I , Umsax

Tsanth(I) =XMI

ELSE
Do 1 U max

RHjinth(!) a X(I)
ENDDO

END IF

iopt - 3

IF (iapt .EO. 1) THEN
D0! sI a NImax

X(I) *perray~l)

ENODO
ELSEIF OCipt .EO. 2) THEN

D0 1I 1 NIMmmx
XCI) ztarray~l)

ENODOO
ELSE

00 1i Nwx
XC!) a rharry~i)

ENODO
END I F
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c for Nth oroer filter, copy N end points from input to output

00 1 a i.¶ N
YCI) a X(I)
Y(NmUX 1 -) a X(max 1 -)
EMODO

L a 2 N N I I window length

" inmdian fitter of order N without replacement

DO i 0 N + , NVAGx - W
0J0 1 , L

TYCp(J) X(I * J - N - 1)
ENDDO

" sort TeYm into ascending order

Flips a .true.
O0 WHILE (Flips)

Flips £ .false.
0O J 2, L

IF (Tamp(J - 1) AGT. TeM(J)) THEN
Flips v .true.

SavenTemp(J-1)
TeWq(J-i )Tsemp(J)
Taw(J)BSave

END IF
ENDDO

ENODO
Y(I) a T.W(N + 1) 1 median value

ENDDO

"c compute difference histogram wid determine threshold. Initial bin

c size is .2 for P & I d 2 for RH

Binsize - .2
IF (lOpt .EQ. 3) Binaize s 2

DO I a 1 , Wmax
d(I) XI) - Y(I)

ENODO
CALL histogram(d, oatx, Iinsize, CT)

c ',wwerate final output as x(i)

DO I w i , Nuax
IF (ABS(d(l)) .G7. DT) XCI) • Y(I)

ENDDO

IF (iopt .EQ. 1) THEN
pts - 3

ELSE
pts a 6

ENDIF
CALL SNOOFT(X, Umax, pts)

IF Ciopt .EO. 1) THEN

DO I a I , Nmax
Psmth(1) a XCI)

EWDDO

ELSEIF (iOpt .EQ. 2) THEN
DO 1 * i , Nmax

Tsmth(l) a X(I)

ENDDO
ELSE

DO I a 1 , kmax
IHsamth(l) • X(I)

EWDDO

END IF
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Analysis:

c This section analyzes the smoothed P,T,U profiles to determine the
c significant levels. Central difference finite derivatives are
c calculated to locate retative max/min and saddle points.

dttdC0) a 0
dtdp(Nmx) a 0
cdri(10) a 0
cdrhci(Nmsx) a 0
c~td2(¶) a 0
d2tdp2(Wmx) a 0
DO I a 2 , Nmax -1

dp LOGCPaath(I - 1) / Pamth(I 4 1))
dtd~CI) a CTaWth(I + 1) - Tsmth(I -1)) / dp
drt*Ct) a (ftHmth(I + 1) Rls...th(I 1)) / c~
d2tdp2(I) a(Tsmth(I 1 ) 2 * 7smthCl)*

S ?swthCI 1)) /((.5 c~) ** 2
ENDOO

Ptup(l) a Psmth(1)
TtwlpC¶) a Ysmth0)
RHtmp~t) a R~smth(1)

c took for change in sign~ of derivatives to pick Level

J wl
00O1s3 , Umax -1
IF (CSGM~dtdp(l)) WME. SGN(dtdp(I - 1)) .OR.
S SGN~drhdp(I)) MNE. SGN~drhdp(I - M)) THEN
j aj,+1
Ptsp(J) a Puinth(I)
Ttmp(J) a Tsmth(I)
R~tmp(J) - P.Namth(I)

ELSEIF CSGNM(~td2(i)) .AE. sGN~d2tdp2(i M ~) THEN
j a j +1
Ptmp(J) a Psmth(I)
Ttmp(.) a Tsmth(l)
R~tmp(J) s Rhsmth(I)

END IF
EWDDO
Jinx a .14
Ptmp(Jaax) - Psath(Mmax)
ItOPCJmaX) z Tuanth(NMAX)
*Ht~p(Jwa) a RHsaathCNmax)

c select significant tievets iaw FUNl 93

6000 CONTINUE

Ttot .2
RwtoL 2

Psig(1) *Ptmp(1)
TsigC¶) * tiiPO)
ANS19C¶) a ftmtp(1)
Kiux a 1

Lastsig *I
DO0J a3 Juax

DO L aLastaig + 1,.
Dlog a LOG(Psig(Krmx) /Ptwfp(J)) /LQC(Psig(Kinax) /Ptlfp(L))
t a Tsig(Kmax) - CTaig(Kmax) - Ttmp(J)) / OLog
rh a NRhsig(Kmax) - (R~sig(Kmax) - RHtftp(J)) I tog
IF (ABS(TtopCL) - t) .GT. Ttat .OR.

S ABSCRHtmpCL) -rh) GYT. A~ltoL) THEN
Kmax zKmax + 1
Psig(Kmax) c Ptep(L)
Tsig(Knmax) T tmp(L)
Rksig(Kmax) R~tmp(L)
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Lastsig a L
GOTO 5000

END IF
ENDOC

5000 CONTINUE
ENDO
Kmax a* Iax + I
Fsig(Kiax) u Ptnp(Jmx)
Ts7ig(KOm) u TtW(Jmax)
RNsigtKmax) a RHtop(Jmax)

Firnama * Osigfilte
WEN (Cul ts13,fi l10Fi Lename,status.'unknown')
RIiTE(13,*) omax

00 1 a , Kmax
WiRITE(13,2000) Psig(I), Tsig(I), RHsig(I)

2000 FORMAT(f7.1,fB.1,fl.1)
ENDOO
CLOSE (12) I"petrh.dat'
CLOSE (13) hsigfilte"
RETURN
END I fiLter

SUBROUTINE histogram (d, Nasx, Binsize, DT)
C (U i333U3Ul3SflaUU3UUlU3335l BU3UUUII33 I UU UlUlUIUUI3*U33UU 3llUnlUaU3UUUU

c ( Purpose: )
c ( Called by: fitter )
c ( Calls out: zerobin )
c ( Comments: d is the dataarray. NWx is the number of points, )
c ( Sinsazi is the Initial size, end DT is the difference threshold. )
c ( construct a 25 bin histogram with bin size of 19insizel from the )
c ( difference date in array 101. The histogr-m is checked for
c ( empty bins; IF (none exist, the bin size is doubled until at I
c ( toest one bIn Is eapty. The difference threshold, oT, is )
c ( THEN calculated and returned. )
c ---.......................................................................... )
c ( Date I Progrmmer I Revision History )
c ............................................ .............................. )
c ( 10 Feb 1992 i Rich Paulus created BASIC program I
c C Nov 1992 Linda Hitney €converted from BASIC to FORTRAN )
c C 21 May 1993 Stu 1athmar coordinate with NOVANSW )
c (uuuuuamalmuuuu.ullsumuuumuuumuuueuuamsuuumuulmmumuuamdummuuumuuaiuuuauumu)

REAL*' 0(2000)
INTEGER*2 Nax
REAL*4 linsize
REAL*4 01
INTEGER*2 Counts
DIMENSION Counts(25)
INTEGER*2 Index
Index s 0
00 WHILE (Index .EQ. 0)
001.I , 25

Counts(i) a 0
ENDOO
DO I z I , Nmax

IF (ABS(d(I)) .GT. Binsize * 11 l Sinrize / 2) THEN
IF (d(I) .LT. 0) THEN

Jal
ELSE

J * 25
END IF

ELSE
IF (dNC) .LT. 0) THEN

J a INT(d(l) / Binsize .5) + 13
ELSE

J a INT(d(I) / Binsize + .5) + 13
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END I F
END I F
Counts(J) * Counits(J) * I

CALL zerobin(Counts, index)
IF (Index .NE. 0) THEN

OT a Index * Sinsize * Binsize 2
ELSE

Binsize a Binsize * 2
END IF

EMODO
END ihistogroa

SLROIUTINE SNOOFT CY, N, pts)
c (auuuuuumaauauuuzuuauuulall uuuus•a1•ua::u=Iulumumulluluuaazu•muuullulzuue•ula)

c ( Purpose: To smooth an array of data
c ( CaLled by: fiLter
C ( Calls out: REALFT )
c ( Coements: Smooths an array Y of Length . with a window whose full width)
€ C is of order PTS neighboring points, a user supplied value. Y is)
c C modified. From Numerical Recipes by Press at aL, Ch 13.9 )
cC .................................................................... )

C Date I Programer I Revision History )
c ---------------------------------------.........-..............-.-..--- ---
c C 10 Feb 1992 Rich PauLus created BASIC program )
c ( Nov 1992 Linda Hitney conwerted from BASIC to FORTRAN
c C 21 may 1993 Stu Gatuasn coordinate with NOVA14SW

REAL*4 Y(2000)
INTEGER*2 N
INTEGER*2 W2
INTEGER02 Isign
Nmx a 1024 Imax size of padded array
"Na2
Main a N + 2 * pts I min size including buffer against wrap around
00 WHILE (N .LT. NMin) I find next larger power of 2

IF ((M .GT. Hoax)) THEN
STOP "Mmx too wtLL"

END IF
Constant a (pts / M) *. 2 I useful constants below
Yi 8 Y(1)
YN a Y(N)
RHi * 1.0 / ftoat(- 1)
DO J * 1 , N I remove Linear trend L transfer data

Y(J) a Y(J) - RNI * (Ti (N - J) + Y * (J 1))
ENODO
IF (((N + 1) .LE. 4)) THEN I zero pad

DO J - N+ 1 , U
Y(J) a 0

EMNDO
END IF
UoZ a U / 2
Isign-1

CALL REALFT(Y, Mo2, Isign) I Fourier transform
Y(I) a Y(0) / MO2
FAC a i I window function
DO J • , Mo2 - muLtiply the data by the window function

IF ((FAC .WE. 0)) THEW
FAC a (1 - Constant * J ** 2) / Mo2
IF (FAC .LT. 0.0) FAC 0.0
Y(K) a FAC I Y(K)
Y(K + 1) s FAC * V(K * 1)

ELSE I don!t do unnecessary multiplies after
Y(K) a 0 I window function is zero
Y(K * 1) a 0
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END IF
ENDDO
FAC 0 - .25* pts*" 2) / M02 Itesgt point

IF (FAC .At. 0.0) FAC a 0.0

Y(2) x FAC * Y(2)
Isiul-1
CALL REALFT(Y, NoZ, Istin) I inverse Fourier trensform

DO J a I , M I restore linear trend

y(J) aUIt• * (Y1 * (N " J) + YN * (4 - 1)) * J)
EUMO

END I Smooft

SIURO11OTINE terobin (Coutnts, Index)

c ( Purpose: To find aepty bins in a •istograin

c ( Called by: histogram

cC Calls out; )

c k Commits: find first ampty bin either side of bin 13;

c C IF (none found,) THEN indicate by totting Indexu0

c ............ .............. .......................

Date I PrograIwr I Revision History
c ~ ~ ~ ~ ~ ~ ~ .C --- - ----------- - -- - -*.... .........-- -o-°".... ..... .....

c C 10 Feb 1992 Rich Paulus . created BASIC progrlm

c ( Nov 1992 Linda hitney converted from BASIC to FORTRAN )

c k 21 Noy 1993 Stu Gsthismn coordinate with NOVAMSW )

C

INTIEGER02 Counts
0IMENSI1N Counts(25)
INTEGER*2 Index
Index - 0
IndexI • 0
Index2 * 0
001.1, 12

IF (Counts(I) .A0. 0) Indexi s AIS(! - 13)

IF (Couats(26 -I) .EQ. 0) Index2 a ASOI '13)

EN000

IF (Indexi .ME. 0 .AND. IndexZ .ME. 0) ThEN

IF (IndexI .LT. Index2) THEN

index s Indeo1
ELSE

Index a Index2
END IF

ELSEIF (Indexl .Nk. 0 ,OR. Index2 .AE. 0) ITEN

IF (indexi .GT. Index2) THEN

Index a Indexi
ELSE

Index a Index2
END IF

ELSE
Index = 0

END IF

END I zerobin

SI,,ROUTINE REALF1 (0, M, Isign)

c ( Purpose: To calculate a Fourier lronsform

c ( Called by: Smooft

C ( Calls out: FOURI

c Con C ent: Calculates the Fourier transform of a set of ZN real-valued )

c data points. RepLaces this data by the positive frelqueicy half of Its I

c ( comlaj Fourier Transform. The reat-valued first end test

c ( components of the complex transform are returned as elements Y(1) )

c ( and Y(2) r•spectivelY. N must be a power of 2. This routine asLs )

c ( calculates the Inverse transform of a complex date array IF (it it

c ( the transform of ralt date. (Result in this caste must be muttipti.i )
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c (by I/i.) )

€C Date I Programiner I Revi:ion History )

c 10 Feb 1992 Rich Pautus created BASIC program )
c C Nov 1992 Linda Hitney converted from BASIC to FORTRAN )
c C 21 May 1993 Stu Gsthmn coordinate .ith NOVA4SW )
C (au• ••u smm••uauuauua.=n• uuB u aa~lsl usauaaaaauaaaauauzasaumauaaaaunz au aaS~S ElI•)

REAL*8 WPR,lP ,IWR,UW ,Theta, WTEMP
KEAL*I V (2000)
INTEGER*2 N
INTEGER*2 Islgn
INTEGER*Z lsgn

Theta a 3.1415926S358979300 / DBLE(C)
Cl • ,

IF ((Islgn .EQ. 1)) THEN
C2 n -. 5
Isgn a 1
CALL FOURI(Y, N, legn) I the forward transform is here

ELSE I otherwise set up for an Inverse transform
C2 .5
Theat a -Theta

END IF

UPR a -2.000 * SIN(.5D0 * Theta) ** 2
*I a SIN(Theta)

WR a 1.000. WPR
Wl aWPi
N2P3 a 2 * N * 3
DO I a 2 *N 1 I case e1 dcone separately below

11 2 * 1
12 11 1
13 a NZP3 - 12
14 a 13 + 1
WRS a REAL(CR)
VIS = REAL(UI)
M1R a C1 * (Y(I1) Y(13)) I The 2 separate transforms are separated
Hil a C1 * M(2) - Y(14)) I out OF z
N22 a -C2 * (Y(12) + Y(14))
M21 a C2 * CYCII) - Y(13))
Y(I1) a H1R +HiS * 12R1- HIS * 1421 1 Here they are recciabined to form
Y(12) a HIl + WIS *H21 WIS * H2R I the true transforms of the
Y(13) a MIR - S * 1421 * WIS * H21 ! original rest data
Y(1T) z -"Nl W HIS * 1421 + WIS * H2R
VIEMP a 61 I The recurrence
IR a WHi * PR - WI * tPI * WJ

WI a WI * ,PR + WTENP * WPl * WI
ENODO
IF ((Isign .EA. 1)) THEN

11R a Y(1)
Y(1) a 14R + Y(2)
Y(2) v HIR V(2) IScueeze the first and Last data together

ELSE Ito get them alL within the originaL
11R a Y(1) larray

Y(T) a C1 * (H1i * Y(2))
Y(2) C1 (HiR - Y(2))
Isgn a -1
CALL FOURI(Y, N, Isgn) IThis Is the inverse transform for the

END IF Icase Isign9l

END Irealft
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SUBROUTINE FOUR1 (1, MN, Isign)

c ( Purpose:
c ( Called by: REALFT
c( Cott& out: FOURI

c C Common.*: Replaces Y by Its discrete Fourier Transform, IF (Isignzi; or)
c C replaces Y by ON times Its inverse discrete Fourier transform If
c C Isigns-1. Y is a complex array of Length MN or, equivalently, a
c C real array of Length 20NM. NkMUP.ST be an integer power of 2.

................................................---------------
c C Date I Programmer IRevision History)

o ` 10 Fab 1992 Rich Pauh ~ creatad BASIC programe
CC Nov 192 ILiOA Nitny convertad from RASIC to FORTRAN

c C2`1 Hay 193 Stu Gathman coordinate with MOVAI4Sh

REAL-8 UPR,WPI,WR,W1,Theta,WTENP
REAL-4 Y(2000)
INTEGER'2 NN
INTEGER*2 [sign
N a2 0 NN

001 1 a * N , 2 I This is the bit reversal section
IF ((J1 GT. M) THEM

TqWA a Y(J
Taupi a Y(J *1
Y(4 a 1(1
Y(J + 1) a M( +' 1)
Y(I a TampR
M( + 1) a Twipt

END IF
N aN / 2
DO WHILE ((N GCE. 2) .AND. CJ G6T. N))

.14 -N2

ENDDO

Mmx 2 1 Here begins the Danietson-Lenczos section
D0 WHILE (N .GT. Mmax) I outer loop executed LOG(NN) (base 2) times

latep a 2 a IMmax

c Init for trig recurrence

Theta a 6.28318530717959D0 /DBLE(islgn a M~ax)
WPR a -2.000 a SIM(.SDO a Theta) an 2
UPI a SIN(Iheta)

WI a 0.000
DO N a I , Mmax , 2 IHere are 2 nested innier loops

DO I MN , N , Istep
.1 I + *max I This is the Daniielson-Lanozos formujla
TampA a REAL(WM) * Vf(J- REALMDI * Y(J * 1)
Tampi a REALlM) a Y(J + 1) + REALMU) YM(J
Y(J a Y(I - TempR
M( + 1) a 1(1 + 1) -Tempt

Y(I a Y(1 * ep
1(1 + 1) a 1(1 + 1) *TeRPI

ENODO
WTEMP a WA I trignometric recurrence
WR a WR * UPR WI a WPI + WR
WI a WI * WPR * TEMP W PI +WI

ENODO
Ma* Istop

END I fouri
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SUORCAJIINE NOVANUC RS~sta, zlot, ko, 010d, Cott, SOData)

c CPurpobe:

c C Called by: NSRUWEAK.FOR (The Weak Convection NOVAI4 Case))
cc Colls$-.
C .................................................................. )
cC Comments:
c CIrput variables are)
c C salt the altitude In meters at which conc is desired.)

cC ko : the correction factor at the surface)
cC 001106e: 'the integer madenuimber (0..3).)
c C u : the air emas parammeter )
c(
c Ou~tput variahle is :Caott the concentration of the nth mode at aLt.)
c CNote that the input calculations for Caurt ie. the corzcentration of the)
CC nth mode at the surface is done independently in this procedure. it is
c; ( however modified by the correction factor, ko, obtained from the Input)
c C visibility measurements -aug 1/22/91.
cC )
c ( There are certain assumptions made in this routine which are I
c C for the sea salt conponent., mode 2 is mixed in the cloudy layer model.
c ( where as the mode 3 component is an exponential scale height decay.
cC (
c ( More on moe 0, if up 3, 5 then this is mixed through out the tayer mmuch)
c ( like the ea* salt mode 2. The value at the surface is 30% of what
c ( would be predicted for the old Mode 1 system. When amp 25, then
c ( above the marine Layer, the concentration is 100% what it would have )
c ( been under the old skame while on the other hand, the value at the
c ( surface is 70% of the old skewe values. On the other hand, if amp -u5,
c: ( then the mode 0 component is zero completely and the mode I comfponent
c Chas no vertical structure.)
c ------------- -------------- -------------- -------------- --------------
c Revision History:)
c ------------------------------------------------------------------ I

c C Date I programmr IRemarks

c C21 Aug 1991 Stuart Gathman improved version coded for PASCAL
c C02 Oct 1991 Charles McGrath Comments added
CC Nov 1992 Linda Hitney Converted fromi PASCAL to FORTRAN
c M ay 1993 1Stuart Gathiman Integrated with NOVANSR
C (NEUZUasuuuuau ---- u ---------- mmuuusuuuaozuuuuumus

real ko
real n, nl, n2, Cip, Csurf

include *radata.incl
i nc Iude lsodats.incl

c (define the local variables from the RSAry matrix values)
Deitafb a ( RSData.Qbp -RSData.Qbm )
Oettaft - ( NSData.Tbp - RSDat&.Ybs )
Detta~i a C RSData.Qip -RSData.Qim )
Dettali a ( RS~ata.Tip -RS~ata.7him

OeltaZ a ( RSData.Zi -RSData.ZBase)

c (Here I want tc make checks on the signs of the Deltas)
if CDeltafb.G7.0.0) Delteaft 0.0
If (DeltaQi.GT.O.0) DeltaQi a0.0
If (Deltaeb.LT..0.) Dettatba 0.0
if (Deltati.LT.O.0) Deltali a 0.0
if (DelttZ.LE.0.0) write(*,*) 'error in radiosondes V'

GomaT a(RSData.Thim -RSC~ata.Tbp )/DettaZ
GueaO * RSData.Oim - RS~ata.Qbp )IDeltaZ

n1 r (DeL taQb*Ganwat DeltaTb*GsmaQ)*Doltaa
n2 = (Dettali t DeltaQb - Delttai*DeltaTb)
n z nl/n2 I(This is the "n"I in Davidson *Fairall's pape)
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c (ast is the concentration above the cloud tLyer?)
if Cmode .EQ. 1) then

cip = fna(scoeta.ANP)
else

cip 0.0
endif

c (what is the concentration at the sea surface?)
if (mode .EQ. 0) then

If (SWOt.AIIP .GT. 5.0) then
Caurf a 0.3*ýna(S0Oate.AIP)

Csurf a 0.0
.nder

if (mode .EO. 1) then
if (O~ata.ANP .GT. 5.0) then

Csurf * 0.7 * fna(SOOata.AI4P)
etse

Csurf a fna(SOWuta.AMIP)
endif

endif

if (mode .EQ. 2) Csurf a fnb(S•ODta.UAve)
if (mode .EQ. 3) Csurf x fnc(S0Data.UI0)

c (Calculate the gam of concentration here)
ni (Cip -Csurf ) * n
n2 * (1.0 n ) etteZ
GammC ; i1/n2

c (calculation of the concentration of the mode mode at altitude zalt.)

c ( ............--- -.............................. ee. #oeee-..o...............
c Alscme GUIC has been calculated. ALO assume that the amp, ul10 and
c uave are known. An input variable, the height, Zatt, Is used end the
c output Is the concentration aptitude Ceot at that attitude.
c .............................. .................................)

select CASE (mode)

case(O) I ( The case for the dust camponent )
if (zatt .LE. RSOata.ZBese) then

CoLt a Csurf
else

Cott a 0.3'fna(SoDste.A4P).OaGC*(zatt-RSData.Zgsse)
endi f

if ((zatt .GT. RSOata.zi) .or. (SOOeta.AMP .LE. 5.0)) then
Cect 8 0.0

ritf

case(l) I ( The case for the background component )
Court a fna(SOOata.AMP)
if (zCtt .LE. RSData.Zgase) then I (below cloud layer)

Colt a Cs'rf
else

Cult x CSurf+GamaC*(zslt-RSDat&.ZBase)
mndif

if (SODats.ANP .LE. 5.0) CaLt * Csurf
if (zatt .GT. RSOata.zi) Colt a Csurf

case(2) I ( The mode 2 sessett component )
if (zatt .LE. NSDste.Zlsae) then

Cart a Csurf
else

Colt i Csurf+Gawr&CC(zatt-RSOsta.Zlase)
end if
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if (latt .GT. RSOata.zi) Calt 0 0-0

case(3) 1 ( The fresh , mode3, seaselt cuVonent
"1t3850.Ot { )

C Uses a scale height for these large dropletsa
If (zalt .LE. RS~ata.ZBase) then

Colt a Caurfsexp(-zalt/H3)
else

Colt a Csurf*exp(-zelt/H3)GmmsC*(zalt-tnRSte.Zga~e)
endif

If (,alt .GY. RSData.z1) Colt a 0.0

end select I c (CASE)
IfMcatt .Lt. 0.0) CalttO.0
CaLt K ko * Colt I (correction for visibility)
end I (PROCEDURE NOVAe,)

SUBROUTINE Optics( AO, Al, A2, A3,
$ Rh, wavln
S Ext, Abs
S AMPVat

c (muaauauauuaaaaaaasaiataztlaaaiuaasaauamtuaaaaaaaaaaaaaaaaaaaaat rnu az)

c ( Purpose: To calculate the extinction and absorption give input )
c ( parmeters AO -P A3 , wavelength, and relative humidity )
I

c ( Called by: NSRNINV (Convection Case), NSR WEAK (Ueakconvection))
c ( MSR$SBL (Single Inversion Karine Boundary Layer) )
C C Calls Out: Swell, PowerlO
c ( Preconditions: The tables in opmat exist )
c C Global Variables: comfon/opmet
c ( Revision History:
c t . ......................................................... I
c C Date I Progreawmer I Remarks
cC *.....................-....'" "................ **...............)'•

€ C ¶988 j Stuart Gthman Designed Code
c C 02 Oct ¶991 Charles McGrath Comnents added
c C Nov 1992 Linde Hitney Converted from PASCAL to FORTRAN)

real y7(40),y8(40)
real f(3)
real pi/3.14159265/
real TO,T1,TZ,T3
real EO,E1,E2,E3
real L
real R
comff~wopmatlTO(40 ),T1(4,40) ,T2(4,40) ,T3(4,4O),

S EO(40),EI(4,40),E2(4,40),E3(4,40),L(40),R(4,)

c begin Optics ROUTINE
do made- 1 , 3

call Swetl(mode, fO, Rh, AHPVal)
f(mode) a fO

enddo

I Extcatc:
| -. ............... ......... ......... •

I : Extinction/Absorption
I --.-......... .... .......... .....
C

if (Rh .EQ. r(0)) j m 1
if (Rh .EQ. r(2)) j z 2
if (Rh .EQ. r(3)) j a 3
if (Rh .EQ. r(4)) j 4 1
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if (] .EQ. (,) then
Ai -

erse
ii a I

erldi f

c (ju*a shows that there is not on oxact humidity fit)
if (ii E~Q. 0) then
if Ckh LT.. r(2)) j w 2
If C(Rh .LT. r(3)) ."n. (Rh.GT.r(2))) j a 3
if ((Rh .LT. r(4)) wa~d. (Rh.GT.r(3))) j v

do Ii a 1 , 40 1(c~atcultae y7 and y14 for mU, wivelengths)
if (11 -WE. 0) then I (ic an exact rh miatch)

I (Exact Retative humidity match)
Y7(IO) a AO~powerlO(TOCIi))

S ~ A2*poweriO(12G..Iii)/f(2)
S 4 ~A3-powerlOCT3(j.IM)/f (3)

'V8(Ii) a WpowerlO(EO(I))

S 4A3*powerl0(E3(jII)/f(3)

I(I INTERPOLATIC44 FOR RELATIVE HUMIDITY)
D6 w R(J)-Ii(J-1)
D5 a Rh-R(.;'¶)
R5 u D5/D6
Xi a rlCJ*I.ji)+

$ (TI(J,ii)-TI(J-1,ii))-R5
X2 a T2(j-i,ii)+

S C12(j~ii)-T2(j-1,11))RS
X3 w T3(J-11*i)4

31 *E¶(J-¶,ii)G

S (El(J,ii,-E¶(J-I,II))RS
HZ2 E2CJ-1,ii)+

S CE2(J,iI)-E2Cj-1,ii))35S
13 *E3(J-tIii)+

S CE3(j,ii)-E3(J-1.ii))*95
'V7C11) =AO*Powr IO(T0( I I))

I + Al~powerl0(xl)/f(I)
I + AZ*Pouerl0(x2)/f(2)
S + A3*powerl0(X3)/f(3)

Y80i1) aAO~power¶O(EO(Ii))

S 4 Al~powerI0(S1)/f(~)
S + A2*powerlC-(62)/f (2)
S * A3*powerlO(93)/f(S)

"nit

YlCII) a 0.001~PIeY7(iI)
18(i1) a 0.OO1'pi*Y#3(ii)

anddo I and catculations of wavlength vaities of y7 end yS

I Extabs:
..............................................
: ~Extinction~ uryl absorption

of indiviclual waavetength*
* celcuLation

In a 0
if (wavtn .EQ. 1(40)) then
(0 a40

eLse
do I a 1 .39 1 ;bracket wsv-!.e1igtl%)

IF (Navin .EQ. L(I)) TNEk



1O = I (wavelength is exact W0 is positive)
END IF
IF ((Cwvln.GT.L(I)) .and. (wavkln.LE.L(I*I)))THEN

t0 V -i

enddo

if (10 .G1. 0) then
Ext U Y7(10)
Ahs a Y800')

i0 a -10
A x Y?(IO'1)-Y7(I0) I UI WAVELENGTH INTERPOLATION)
I Y8(IO+1)-Y8(I0)
C L(00#1)-L(IO)
Ext - Y7(10)+A"(wavtn-L(10))/C
Abe s Y8(I0)÷B*(wavLn-L(10))/C

endif

END I OPTICS

SU&ROUTINE Depovel(Neode, AO, Rrh, T, Ustar, Vd, Vgdry, SCOata)

c ( Purpose: This routine calculates the deposition velocity (Vs) I
c ( Called by: NSR_$BL (Sitple6LCase) )
c ( Calls Out: SWELL,Diff-coef, Mu-calc, fnr, sqrt, and Max I
c ( Comants: This routine calculates the deposition velocity (Ws) )
c ( based on the theory of Slinn & SUinn - A.E. 11980) p1013 and )
c ( modified by FairaLt L Davidson 11986] 1
c ( the inputs are: :
c ( AO the diameter of the dry aerosol (i) I
c ( Rh the relative huAdity in percen.t. )
c ( Mmode an integer (1, - 3) which describes the modes I
€ ( of the particular component of the MANI as to I
c ( it's chemical nature.
c ( I air tomp (C) I
c ( Ustar friction velocity (mvs) I
C The outputs are: :
c ( Vd the deposition velocity (m/a) )
c C Vgdry the stokes faill velocity of a dry particle.(m/s) )
c( )
cC....................... ..-......-....-.-.- ''-"........-"............. ".....)

c C Revision History: )
c ......................................................................... )
c C Date I Program r I Remarks I
cC •'''''*°°..... °".... "....... ""..... "................. .................. )

cC 1988 1Stuart Gothman Code designed
C 02 Oct 1991 Charles McGrath Coneents added I

c ( Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN I
C ( uau:z e ------ --------------

real RO, F, F99, D, St, h99, Sc
real Nu, Vgc, VgdO, Kcp, Kdp, Kc, Kd
real rh
real K
reat Nu.c lCe
Include Isodata.inc'

K * 0.4
TO a 296.16
C c 393.16
G a 9.8
Dw a 1.0
Cd - 0.0013
Denairstp = 1.19

rh - rrh
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c calculates the %welling fackof F for the mode in question

C USe nlmde tc determine the specific gravity of dry particles•

coll S'eit(INowe, F, Rh., SOlata.AMP)

if (iMmode AEo0 1) then

RO a 1.8

elte
0O a 2.165

etnjif

RO a RO*1000.O i convert specific gravity to density iMWKS)

Mu x Mu-coLc(T+273.16)/Deneirstp I calculates kiremtic viscosity

I calculates the dyamic.

I viscosity fiom T

Vadry w 2.0*RO'O'A*AO/(9.0*u) i stokes fall velocity

Vgc FNR(F)/RO*F*F*Vpdry
t% -9 99.0

call Swelt(MImodE, F99. h99, SCData.AMP) I caLcs swelling factor F99

VgdO s FNR(F99)/Ro*r9gF99*vgdry

St a VgdO*aUstar*Ustr/(Nu*G) I stokes number

Kcp . Ustar*SORT(Ud)/(1.O-K)
d O 01ff coef(AOi2.0) I Frownian Oiffusion Coefficient

i loomey Fig 3.1 (the divide by two

I and. converts from dia to radius)

Sc u NufO i Schmidt number

c The folLowing forwita is from Fairall and tiavidco0• 19862

Kdlo v UstareSQRT(Cd)/(SORT (Sc)K)

Kc w KcpVgc
Kd v Kdp•VgdO

Vd a Kc*Kd/(Kd+KCp)
" I Depovel

SUBROJTINE Wecatc( RSCoLc, SOData)

ý; ( Purpose: )

t ( Called by; MSRS8L (Simple Marine OL Cqce) )

c ( CoLls Out: Parcel2, We2 )

c ( Preconditions:
c ( Gobat variables: -

c ( Revis~on History: )

C ------------------------..................................................
c ( Date I Programmer I Rrmrks )

€ *'' . . ............ '''''.......''.......'*.........................

c ( 1O oct 1991 1 Charles McGrath I

C

include ,rscatc.inc'

include ,aodeta.Inc'

Weotd z 0.0

ILoop i 0

320 continue
colt We2(R$Catc, SoDDts)

if (loop .EQ. 0) then

hloop t I
WeoLd - RSCeac.We

konstant Weod
Goo0 320

endif

if (toop A0T. 5 ) goto 330

if ((RSCalC.We .LT. 0.9•Weold) OR.

S IRSCaic.We .GT. 1.1lWeold)) then
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Weotd w RSCstc.We
Iloop a I1o0•l
GOO 320

endif
330 cont inue

end I WEcalc

SUBRWJI1NE BuLk(UlO, Th, Tdetta, Odetta•.
$ Ustar, Totar, OQtar, Tstr)

c
c ( Purpose: Calculate Sulk teeperaturps and mixing ratio )
c ( Called by: 1M0PSl.Simple6LCase )
c ( Calls Owt: SUBS4.min, SUBSi..uax. )
c ( Preconditions: )
c ( Global variables: )
c ( Revision History: )
C -------------------------------------------------------------)

C ( Date I Progrlmer I Resirks )
c(............................................................. )

C ( 10Oct 1991 Chirles McGrath )
C 4L Rov 1992 Linda Hitney Converted from PASCAL to FORTRAN )

real KIK
resl pi/3.115926S/
real NuLt

C const
KKK a 0.35
ALPHA T - 1.35
ZOT m 2.OE-05

210 - 10.0 1 from GLOBALS ( altitude of 10 m )

1I from NPGS Lines 20435 - 20645)

I begin ( procedure Bulk )
if (UIO .EQ. 0.0) UIO a 0.1

if MIO .GE. 2.2) then
Cdn i 0.789*Xtoy(ulO, 0.259)/1000.0

else
Cdn c Xtoy(PaxCO.2, U10), -0.15)'1.08/1000.0

endif

Zo w ZIO*EXP(-KKK/SQRT(Cdn))
Ctnsqrt a ALPHA T*KKK/LOG(ZIO/ZOT)
Sli a KKK*9.$*Z10/lht(Ctn sqrt/Cdn)
S•*(Tdetta4O.00061•Th*del tt)/(UIOU1O)
Sa a Sal
So a Sal

if (So .LT. 0.0) 7OTO 20360 I 0l unstable)

if (So .LT. 1.8) GOTO 20280 I (I stable)

Itc (I Ivery stable)
S& - 10.0
PSil a -47.0
Psi2 c -64.0
GOTO 20470 I (I at* s)

20280 continue I I tstabte)
PFil z -Is'4.7
Psi2 z -Ss*6.4
S9 a So*ALPHA T/KKK
Si w Ss*((Kk'-SgRT(Cdn)*Psi )*(KKg-SCRT(Cdn)*Ps1)

S /(ALPHA T*KKK-Ctn sqrt*Psi2))

if (ABS(Ss-Ssl) .LT. 0.051) GOTO 20470 I (I exit to stars)
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Sa1 " $s
GOTO 20280 1 (1 stbte)

20360 continue I ( I instabLe)
Xxi a Xtoy((1.0-15.0*Ss), 0.25)
Xx2 a Xtoy((1.0-9.0*Ss), 0.5)

c ( ANGLES in RADIANS)
PsI2 a 2.0*LOG(C1.0+Xx2)/Z.0)
Pail a 2.0LOGC(1.0•Xx1)/2.O)+LOG((1.O0Xxl*Xxi)/2.0)

$ -2.0*ATAN(Xxi).Pi/2.0
Ss a So*ALPHAT/KK1
So - Ss*((KKK-S0RT(Cdn)*Psi1)*(KKK-*SRT(Cdn)*Psi1)/

S (ALPHAT*KKK- Ctnrsqrt*Ps i2))

if (ASS(Ss-Sai) .LT. 0.051) GOTO 20470 1 ( !Exit to star*)

Sl 0 So
GOTO 20360 1 (! unstable)

20470 continue I ( I Istars)
Nutt a ALPHA TIKKK/(LOG(Z1O/ZGT)-Psi2)
Ustar n KKK*UIO/(LOG(Z1O/Zo)-Ps1l)
later v Tdettowl4ult
Qatar a GQdelteNult
Tstr a Istar'0.61*QOtsr*Th/1000.0
,rn I ( procedure BuLk ,

SiURWTIME Wihteftux( Sr, U, Rin)
c (auuu*.mumuuua.mmuuumuauuuuuumauauamumm uuuuuumauaumuaua•uuumaumamaau•ausuusmmu)

c ( Purpose: )
c( )
c( )
c ( Precondi tIo•s )
c ( Global Variables: )
c ( Revision History: )
c (------------------------...............................................-)
c C Date I Programmer I RemarkscC*.-.**...... ...... ...... ..... .................... ............... ..... )

c C01 Jan 1991 Stu etan
C C 27 Sap 1991 CharLes McGrath Conments added )
c C Nov 1f992 Linda Hitney I Converted from PASCAL to FORTRAN )
C (89*288439 =U8Nua:=ZW sZ- s tU-1ua=a az sBBEUuu ua-- ------- aaaam------ a faauus mauu )

c ( This is a procedure based on the table in Fairett, Davidson & Schecher
c 1982, TabLe 3

c Sr is the flux predicted by this procedure which would be produced
c by hiltecaMping at a wind speed of U ais and of radius Rin In microns
c of the droplets. This assume& a relative humidity of 80M. This routine
c perfor*& a sipLe linear interpolation inet~m table values

c Progreac into Turbo Pascal by S. Gathman 12/28/87
c This procedure needs procedure Unfit e)

integer row, rows, I, cool, colt
resal 0 (7) /0.0, 0.8, 2.0, 5.0, 10.0, 15.0, 50.0/
resl U0 (7) /2.2, 6.0, 9.0, 11.0, 13.0, 15.0, 18.0/
real M (7, 7)
data ((M (i, j), jB1,7), ,Iz,7)

% /0 0. 0.0, 0.0, 0.0, 0.0, 0.0, 0.0
$ 0.0, 1.3, 1.1, 2.5, 1.0, 3.0, 0.0
S 0.0, 4.5, 3.1. 4.2, 3.3 2.3, 0.0
S 0.0, 8.2, 7.7,11.0,21.0, 27.0, 0.0
% 0.0, 9.1, 9.2,17.0,49.0, 48.0, 0.0
6 0.0,11.0,10.0,19.0,7"L.0,1U0.0, 0.0
6 0.0,17.0,11.0,24.0,92.0,180.0, 0.0

I begin ( whiteFlux )
Sr * 0.0
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Rows a 0
Row *0

if Cu .LT.2.2) return I (Sr reamains zero if no wititecepping exists)

100 continue
clrh repet

if Nu EQ. uCI)) then

rows I
endi f

if (u I.T. U00)) row I
I a 1.1

ctrh unatil 0i GT.6) or (row NME. 0)
if ((I I.E. 6) .acd. Crow .EQ. 0)) go to 100

I (Wind is sorted out at this point)
if ((ows .EQ. 0) .end. (row .EQ. 0)) then

sr a 9999.0
return

end if

Coot - 0
cots a 0
I a1

200 contirue
ctrh repet

if CRin.EQ.ROMi) then
cool a I
cotsa *I

arid If

If (Rin.L.T.RO0i)) coot

clrh unitl (i.CT.) or (coot NWE.0)
If ((I I.E. 7) .and. (Cool .EQ. 0)) go to 200

I(exact fiti)
if W(ows .EQ. 1) and. (cots .EQ. M) tha"
ar a m(row, coot)
return

endi f

I(exact wind, fit size)
if (Crows.E0.l) eand. Ccols.NE.¶)) then
call Linfit(rCr, Ain, RO(Cool-i), MCRow, Cool-i),

S ROCCooL), M(Row, Cool))
return

endif

I (exact size, fit Wind)
if C~rows.NE.1) and. (cote.EQ.l)) then
call Linfit(Sr, U, UO(Row-1), MCRow-1, Coot),
S UO(Row), m(Row, Coot))
return

"enif

I(fit both size and wind)
call Linfit(Srl, U, UO(Row-1), M(Roto-1, Coot-i),
S UCCRow), "(Now, Cool-i))
call LlnfitCSr2, U, UO(Row-1), M(Row-1, Coot),
S IJO(Row), 1N(Row, Cool))

cell Limfit(Sr, Kin, RO(Coot-1), Sri, RO(Conl), Wr)
end I ( proceduire Whhilte Flux)



SUBROUTINE Linfit( Y, X, XO, YO, Xl, YI)I resl)

c ( Revalsion History: )

c ( Date I Progrmer I Remarks )

c (01 Jin 1991 i Stu Gathn•
c ( 27 Sep 1991 Chardes McGrath Comments added )
c ( Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN )
C (noasaaaaauta---a ---- mua-- muaauuuumuaaumaaaasuualM

I begin ( LinFit )
Y a YO.CX'XO)eY*"YO)/(XI"XO)

SUBROUTINE Sky2(Zd, ROateAry, TIO, Qp, Tsky)
c (alseem aa a moa n= = a so sawBBIIuuBalBI ME gasBaaBauuIIB Iulaslamalm u ma ss *=.a )

c ( Prposse; Calculate sky temperature based on calcuLated fluxes )
C ( Called by: WOO XPSi.SimpliBLCase )
c Colls Out: SUS92.xtoy i
c Comments:
cC .................................................................... )

c DEFINITIIONS: I
c C NSND a NUMBER OF POINTS IN THE SOUNDING )
c ( TDZU a POTENTIAL TEMPERATURE LAPSE RATE C/N I
c C DQDZU a NIXING RATIO LAPSE RATE G/KG/I I
C ( ZINV a INVERSION HEIGHT, TOP OF MIXED LAYER N )
cC 0TH - POTENTIAL TEMPERATURE JUMP AT INVERSION I
c ( COP x MIXING RATIO JUMP AT INVERSION G/KG I
c ( a0 * DOWNWARIAD FLUX AT Z C-N/S I
c EF0 a EINISSIVITY OF NIXED LAYER I

€C SH UPWARD FLUX AT Z8 C-MIS I
c 0I RatlO • Rdata(1,2); I surface potential temp from radiosonde I
c (I Rsqp - Rdata(1,3); I surface mixing ratio from radiosonde I
c (0 Zbese a Rdsto(Z,1); I height of base of cloud Layer I
c (I Zb a Zbase; )
c I Ibm - Rdate(2,2); I potential tooperature at cloud base - )
c (I Olm a Rdata(2,3); I mixing ratio at cloud base - )
c (I Tunits a Rdata(3,1); I
€ (I Tbp a Rdata(3,2); I potential teperature at cloud base *
c (I Obp a Rdata(3,3); I mixing ratio it c.oud best * I
C (I ZI a Rdata(4,1): I height of the cloud top )
c (I Thim a Rdata(4,2); I potential tampereture at cloud top - I
c (I aim a Rdata(4,3); I mixing ratio at cloud top - )
c (0 Ounits a Rdate(5,1); I
c (0 Tip a Rdata(S,2): I potential temperature at cloud top + I
C (I Qip a Rdata(5,3); I mixing ratio at cloud top + )

c C INPUTS: )
c ( ZD a HEIGHT AT UHICH CALCULATION TO SE DONE )
C ( TIO a THE MIXED LAYER POTENTIAL TEMPERATURE )
C Q OP a THE MIXING RATIO IN THE MIXED LAYER (G/KG) I
cC
c ( OUTPUTS : TSKY a EFFECTIVE SKY TEM4P AT HEIGHT Z 1
C ..........................................................................
) )

c ( Revision History: )
c-------------------------------------------------------------I

c Date I Prograefwr I Remrks )
c ---------------------------------------------------------- ---------- I
C C S. Stage, MPS Original Code
c ( C. Fairall, NPS Modifications
€ ( 988 5. Gathean, HRL Adaptation to NOVAM
c C 02 Oct 1991 Charles McGrath Coments aded )
C C Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN )

resl RDataAry(200,3)
rvae Pot_teop(200), Spechum(200), Z2nd(200)
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rest Eiat(2)
rest 7hrand(

200), atond(200), ZZ(200)
rest Nord
real Namis,ifldex
real Ie
Integer Keep, 1, ItI

Gald *0.0091
RhoO 1.2
ZscaLe a '10094.0
Saig a4.61E-11

U a0.A
S a.0.0

rwind m int(R~at&ArY(l. 1))-5

Zbase - RDat&Ary(Z,i)
Otdzu a (RDat&Ary(2,

2 ) -RDateAry(i,2))/zb***

Dqdzu a C(tDat&Afy(2,
3 ) fDt&atAry(1,3) )Ilb.ss

Ziflv a Zbase
Zb a Zbaso
0th a (R~staAry(3,2) -RoataAryCZ,2))

cp a (RataAry(3,3) RDat@Ary(2,3))
TO0 a (R~at&ArV(i,2) + R~atAryC2,2))/2.O
Op a (RD~t&Ary(1,3) * RDat&Ary(2,3))1

2 .0

Ire a 1

300 continue
ctrh repeat

Peot.tawCI) a RDat&Ary(1*5,2)
SpechJum(I) a RDat&Ary(1+5,3)
Indexi a index+1

i a 141
cieh untIl inidex .GE. nsnd;

11(index At. nand) go to 300

Keep a 0
index a I
I X 1

305 continueW
clrh repeat

if (Zand~l) I.T. Zb) then
U(l.etp) a Zind(I)
Otend(]+Keep) p Op
Thrsrnd(I+Ketp) w 110

if (Zartd(l) I.T. Zb) GjOTO 19090
if (Kep .EQ. 1) G010 19090
Zz(1) a Zb
Qtsnd(l) a Op
Thrsrvd(I) a T10
Keep a

19090 cantlr'ue
if ((Zsnd(I) .GE. Zb) .AND. (zsnd(l) .LT. 3000.0)) then

Ot"n(I+Keep) aQp 4DOWp4qdz*ZsIF(23ld)-b)
lhrand(I+Keep) aT104.Dtt+DtdzU*(Z5Id(l)-Zb)

"enif

If (Zsnd(I) .GE. 3000.0, then

Qtsrd(1*Ketp) w Spec-.hum(I)
Thrsnd04K**p) a Pot..teipCI

@nd If

if W GT1. 1) .AND. (Zond(I) SQO. 0.0)) then

atand(I*Keep) m 0.0
Thrond(I*Ke~p) x 0.0
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if (Keep .EO. 1) ZZ(I+Keep) =Z"nMt

I ridx ifldex+1

if(indsx At. Mand-1) gO to 305

Uiets a 22.0
Check a 0.0
Chick v 0.0
S a 0.0
U a 0.0 1 (added 6/17/88 so that suni starts out property SGG)

1ctoud m int(Usnd) I (I ASSUMIE No UPPER LEVEL CLOIWS)
Nar Wan ww1

I f (Wand ALE. 0) return
i top 0 1

do whilet Czi(itop) ALE. zd)

itap i top&i

itop a ltop-1
if (Itop AE. 0) Itop 1

19400 contImue
Tts *Thrsnd(1top)-GsdZZ1tOP) I (I Line 16550 in rpgs program
EuItCO) 0.0

ine itOp+1

do white, Index AT. (nsnd-1))
1i a 3-11 1 ( ii a 1, 2, 1, 2, 1, 2, 1, 2, 1, 2 ........ changes

I ( every pass )
if (I AT1. icloud) 0010 19710

if (Q(ZZ() G61. Zb) .AidD (check .EQ. 0.0)) 0010 19800

If MC%(1 AT1. Zb) .AND: (Chick .EQ. 1.0)) 010 '191140

U a U+Gtsnd(1)C5S.0E-05CZZCId1)-Z&(I1))*RhOO
S EXP(-Zz(1)/ZscOLO))

if (-Chick .EQ. 1.0) V v UO-U
call Iint779CNamis, V, WWIti), Es, M.

It v 7hrsnd(I)-Gs&Zzi)
S v S-Emit(Ii)*SsiI( Cxtoyc(1t4?73.16), 4.0)-

$ Xtoy((1ts52?3.l
6), 4.0))/'00.0

Its a It
index m index*i
1 9 i+1

erido I C White)

19580 contirn.*
tt * zzint(flsfd))
It *Thrmn(int(Nsld-1))-GdZz(Int(Nsnd¶))

Xyl RhoOIEXP(-ZZ(iftCNsfld-1))/ZscRie)

S Ut(ift(N~fl&1)-1))*Xy
V EU
it (Chick EQ. 1.0) V - UO+U

call lintM(9Nemis, U, Emit(II), Es, W.

S a S+SsIg*Xtoy((Tt*273.16), 4.0)'Emit(Ii)/lOO.0

Ictoud a lnt(Nsnd)
Ftop u 0.0
GOTO 19730

19710 continue
It a Thrvnd(1ctQwd)-Ga&Zt(lou)~d)
ftop a %siginXtoy((t+t

273.16), 4.0)

19730 cont Inue
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If Ctsky .LT. 0.0) then
tsky 2 273.14 1 (there is a faiLure in routine)

else
Tsky a Xtoy(((Ftop(I.0-Emit(ii))+S)/Ssig), 0.25)

endif

if (Zd .ME. 0.0) return I EXIT S0Y2
Chick a 1.0
U a 0.0
S a 0.0
GOTO 19400

19800 continure
EfO a Emit(ii)
U0) a U

Check a 1.0
GOTO 1580

19840 continue
Sh m S
return
end I ( Sky2)

SUBROUTINE I|ntTT9(Nxy, X, Y, Slope, Ix

c ( Purpose: Interpolation routine used by procedure Sky2 )
c ( CaLLed by: Sky2 )
c ( CaLls Out: SUBS4.min, SUS4.ma )
c ( Preconditions: )
c C Global variabLes: 3
c C Revision History: 3
c(..................-**°...........................'''"..........°*.... 3

c Date I Progrmwer I Remarks 3

c C02 Oct 1991 Charles McGrath Conments added3
c Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN
C (uaaunumumu-maauamauua ua-w--u- -uuamuauuuumuuuuu

€ begin c ( Procedure lint779)
c (V this is an interpolating routine called by SKY2 twice 3
* V INPUTS : nxy, x 3
c 0I Stored constants xarray, yerray are Tu and Temis .

S0t outputs: y, sLope, ix

rest Tu (22)
S / 0.0, 1.OE-05, 2.15E-05, 4.64E-05, 0.0001, 0.000215,
S 0.000464, 0.001, 0.00215, 0.00464, 0.01, 0.0215,
S 0.0464, 0.1,0.215,0.464,1.0, 2.15, 4.64,10.0, 21.5, 46.4/

real Toois (23)
S / 0.0, 1.86, 2.58, 4.11, 5.72, 7.81, 11.4, 14.6, 18.3,
S 23.6, 27.7, 31.9, 37.4, 41.7, 46.2, 52.9, 59, 66.6,
S 78.8, 88.1, 95.1, 98.8, -999.0/

rest Imax
rest Nxy, X, Y, Slope, Ix

Ix • 0.0
lxmax W Nex(1.0, Ix"
Ix a Min(Ixmax, Wxy-l.0)

19940 continue
if (Tu(int(x)).LT.X) G070 19980
if (Ix .EQ. 1.0) GOTO 20020

Cx a 1x-1.0
GOTO 1940

19980 continue
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it (X.LE.Tu~int(lx)+1)) GOTO 20020
if (lxit0 .EQ. Wxy) GOTO 20020
Ix N 1x+(.0
GOTO 19940

20020 contirne
Slope a (Temfs(int([x)+4)-Temis(int(Ix)))/(Tu(int(Ix)+l)

S -lu(int(Ix)))
Y w Slope*(X-Tu(int(Ix)))+Tmis(int(Ix))
end I ( Procedure lInt779)

SUSROUTIME We2(RSCotc, SO~ate)
C (i uts•uuuutauuw aaaauusautns uua uu usaluuumufmn u:tuuuau uu u)
c ( Purpose:
C ( Called by; WeCstc
c C Cells Out: SUSS4.mx, SUSS.4.min, SUBS4.fnr, SUBS2.xtoy
e ( Preconditions: )
c : GLobal variables: )
c R Revision History: )

C C Date I Programer Remarks
cC .................................................................... )
c C 10 Oct i991 I Charles McGrath
C (mutuuasutuzuaulausmuuausuuauuuatumauuuauuuuswuIumuuulumuuuuullauuaasuiez)

C ...--.--------------------------- ...------------------------------------
I This sub program calculates entrairment velocity, tongwave
I cooling and average cloud temperature if cloudy, and emissivity.
I routine PARCEL2 must be called previously.
I trputs :

I.o........•..................... .............. o....

I I Zinv Height at top of mixed layer (a)
2 Zict lifted condenaction levt (m)

1 3 Ote Equivalent temp Jtup at zinvnv (C or K)
I 4 Dqm Mixing ratio jump just below zinvnv (9/9)

1 5 as Nixing ratio just below Zinv (gig)
1 6 Thcent atz Potential temperature just below Zinv

7 Qliq Liquit Water Nixing Ratio just below Zinv
8 TIO Mixed Layer Potential Temperature (C)
9 Tsfc Sea surface Temperature (K)

10 ustar
1 11 Tatar
I 12 Qatar
1 13 Tstv

14 Taky Effective Sky Temperature (k)
I............................. ......... °..............

I OUTPUTS : We entrainment Velocity (0/s) updates RSCALC.WE
I R2DEL cooling if cloudy (a C/a)

tbar Average Cloud Temesrature (K)
Emiss Emissivity

c ........................................................................ I

common/g abet s/dte,dqw, wthe,wq.ustar, teter,qstar, tatr, tsky
reat Wth, Wq, Vthv, 41, M1, M2, M2, M3, W3, We2top, Ux, Bb
real I S
include '-recalc.inc'
include loedata. inc,

I (added IniteDsata 3/8/89 since qliq wasn't known. agg)
call Parcet2(RSCatc, SOasts, RHin Situ, T HatZHgt,

S rV, Q1L, Z._LCL, ThV, TCent, IS)

Zlci m Z LCL
Dqws - dyswl¶00.0

-a- a dqw
as V Q V/bO00.O
Thcentast-z a THM t_ZHgt
Qliq _L/1000.0
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TIO R SO0At&.T¶0
Tsfc a SODst$.Tsea'273.16

c Ustar w WeOatA(10)
£ Toter a UeDtGatci)
c Qastar a WeOats(lZ)

Tstv a tatr
c Tskya

Dtti a Dtt-24600Dqws
Thr a Thcent at3 z273.16
Th w Ti0.273.16
Epui ton a 0.622
Sgigm = C.6E-¶1
wt at iQIiqlZ .0
Emins a .(RscLCe.Zirw.ZIcL)O.1

3 8 *w1 /2.0

If (amiss .LT. 10.0) then
amiss 8 .

sse.
Emiss o i.0-EXP(sm'ss)

emdit

Emiuas a Max(0.0, Emiss)
Ic a Th.0.0098Ztcl
Tb x Thr0.009O8*RSCSIc.Zinv
Tber a ('rb+Tc)/2.0
0qs4t a O.622bQ..(2460.0/(0.2B7oTbar*Tbar))
Sets w (iOT*IOEstn*qd)(.+400Dst
02 a Beta*Dt*-Esi Lon*Tbar*Dqwis
Othl a Dth-(Thr-Th)
01 - 0 hI*IDEsII ng)EgIIo*brDw

I UI IDluOthL*Epsi Ion*qw Istage & businger I eqn 12)
gs a Nax(0.0, ZtclIRSCuvr..ZinW)

See = Min($"c, 1.0)
Rtb - Emias&SsiwM'(XtOy(Tb, 4.0)-XtoyCTsky, 4.0))
Itc a EmiassSsigIM(XtoyCTofc, 4.0)-XtayCTc. 4.0))

if (See .EQ. 1.0) than
lb a 0.0
Ic a 0.0

endi f

wth w -Ustsr~lster
uq a -Ustarltgtar/1000.0
Wthv a -Ustsr*Tstv
Wthe a Wth+2460.0OWq
141 a C2.0.See)*Se**ffH(Wthv)+

(1 l0- See)* I. 0 -See)* f nH(Beta*Wthe- h*Wq)
ki a (2.0-SeO)See~ffnH(Uthv)+
£ (1. 0-See)*(i .0.-See)* f nN(.U- Bt&*th&#Th*W)

142 z SteeSee*(fflN(Rb0tc)4
S (1.0-SOe')(1.0.See)rseta*Rc+(I .0.S-Stte)*Beta~ffH(Rb)
W7 a See'S..lfnH(-Rb)*(1 .0.See'See*)'Bte~ffl(elb)
143 z (1.0.Se*eSee)*ffnH(02)

W~3 a See*See.01,C1.0.SeeSee)*fIn(D2)
Whop~ a (0.2a(NIM141)-(NWZ))/(N30O.V143)
Wxc w Ue2tmp

If (Wo2tmp .LT. 0.0) Wx - 0.0001

Sb a O.Sa(NI1.N2.N¶.N2.wx*(N3*N3))*RSCILC.Ziny

If (bb GE. 0.0) thenw
Watr a Xtoy((2.5*9.8/300.0OBb), 0.333)

e lse
Watr a 0.0

endif

If (Wstr AlT. 0.0) ustr w 0.0
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if (We2to .GE. 0.0) GOTO 23520

if ((02 .LT. 0.0) .ANO. (See ,LT. 1.0)) then
U.2to a 0.005'(1.0-Seesee)

c colt UpdateLog(ICLOUO INSTABILITY')
ondif

if ((Di .LT. 0.0).AND.((See .EO. 1.0).ANO.(Wthv .GT. 0.O))) then
We2top M 0.001

C call UpdateLog('ENCROACHMENT')
endi f

if (We2tmp .. T. 0.0) then
be2tmp a 0.0001

c calt UpdateLog(INEGATIVE CALCULATED ENTRAINMENT')
endif

23520 continue
R2del a Rb-Rc
We a UeWthp
RSCsIc.WE a we

RSCatc.wstr a wstr
end I ( Procedure WE2)

SUBROUTINE Parcet2(rscalc,sodata,Rh, lhat_z, Qv, Qt,
S ZtctThv,Tcent,IS)

c ( Purpose: )
c ( CaLled by: We2 )
c ( CalLs Out: USM..mx, Ovolue, TOFind )
c : Preconditions: )
c C Global variables: )
c ( Revision History: )
cC .................................................................... )

c Dote I Progrmer I Remrks )
c(.................................-''.......''''................-".......)

c 10 Oct 1991I Charles McGrath
c 27 Aug 1993 Stuart Gathmn Simplify
c (lala--au --aauaalaaIuIalaBiaaaIaamaaaaaluaaaaamuaalastlaiuauIuasaaaaaamaaullul

coumon/gtobsas/dte,dq•,wthe,wq,ustar,tstor,qstar,tstr, tsky

rest Is
real Lcpgkg / 2.16/ lfrom gtobots.pas
include °rscaLc.inc'
i rnckude 'sodata inc'

TIOe a RSCatc.tlOe equlv temperature of mixed toyer at 10 varINIT)
Op a SOOota.Op I mixing ratio of mixed layer varINIT)

C Ote a I jimt in equiv toop at inversion PROfite)
c Dqw a I jump in mixing ratio at inversion PROFILE)

We a RSCetc.We I entrainment velocity initially .001 then from)
c Uthe a I input from surface flux routine)
C Wq a I Input from surface flux routine)

Watt a RSCote.Wstt
Ustr u ustar I ustor from bIlk routine)
Zb A RSCOtc.7inv I height of boundary layer from varllT)
Z 500 ! height of desired calculations)
Psfc a 1013.0 1 surface pressure from vmrlNIT)
Go w 0.0098
G.mdew a 0.00804
Qq x Op
Qt 2 Op
Zz a 0.0
7dI0 a Td(Oq, Psfc)

Yhrest_z z TlOe-Lcpgkg*Qt
Th atiz a lhr at-z
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Tdot m TdiO

if (fistr .GT. 0.0) then
G~J a 0.0
Gamthe a 0.0

1m a SQftT(Wstr'Ustr+6.0'Ustr*UStr
Gau* (2.5*we*Dqw-Uq)/(0.3*2b*WbI)
Ginthe a (?.5*We*t*-Wthe)/C0.15Z2b'*W)

endi f

Gamdew 0 .008.CTdi0+2T3 .06)*(TdIO42?3 .06)I5400.0IQpawue
Gat Gathe-2.43'Gamque

Za Ma N (Thr-at~l-Tdot)/6~vew, 0.0)
Zt a Zs
A&a i .0

do Wili (Oz .LE. 250.0)
Zt a Zt+A&*S.0
Qtz a Qt.Camque*Zt
Zthe = YlOe.Ganuthe*Zt
That~z Zthe-Lcpgkg*Qtz

120 continu~e
Tdo *Th at x-GWvZt
lColt T Tdo-
Ix *Tdo

Zz *Zt

Pr *EXP(-0.00012145*Zz)*Psfc
av arNix ratio(Tx, 100.0. Pr)
Tx -Tda+0.0O1

Qva ar~ix -ratioCYx, 100.0, Pr)
Dqft a(ova-ov)I0.001
Thk aTh at z+27'3.16
Tk *Tcont;273.16
Dthe Zthe-Thk'(¶ .0+Lepgkg'0v/Tk).273.16
Dthe *Dttue/(i.0.Lcpgkg'Qv/Tk+Thk/

S Tk*Lcpgkg*CDqdt)
if CABS(Dthe) .GE. 0.0001) then

Th atz a Th at Z+Dthe
OSat - Qv-

"enif

If (ASS(Dthe) .GE. 0.0001) go to 120

I (return)
if C(Dz .EQ. 5.0) .AND. (Q&&t.LT.Qtz)) Aa a -1
it ((As .EQ. 1.0) .AMD. CQzat.LT.Qtz)) GOTO 21590
if ((As .EQ. -1.0) .AMD. (Qsmt.GT.Qtz)) GOTO 21590
dz - dz+S.0

21590 continue
Z~cI m Zt-2.5
Ot: a at*G~Sque'Z
Zthe g T10e+Gswithe*Z

If (Ustr.GT.0.0) then
Gomma - 0.0
Gmthe -0.0

else
Ida a SQRT(hdstr*WStr+6.0*UstrUstr)
Gawquae a (2.5*WeDqwwq)I(0.3*ZbhA'u)
Gamthe a (2.5*W#'Dte-wthe)/(0.15*Zb'bWu)

ondif

Zt m 2
if (Z .GE. ZLcL) GOTO 21790
is - 0.0
Th-at: a Zthe-Lcpgkg*Qtz
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Tx m Th-hat z'tGmZ
Zz a Z
"" r~ixratiocu, 100.0, Psfc)
Ah a QtzIQv•*100.0
Oq m Ott

Tdot- Yd(Qq, Psfc)
Thd a ldot*Game4h0Z
Tcent v Th at z-GammZ-273.15

21760 continue
Q I Otz-Qv
ThV a (Th at z,273.16)*(1.0+0.00061*Ov-OLQ0.001)-273.16
COTO 22170

21790 coant iMe
Is * 1.0
Th atz Zthe-.cp;kq*Qtz

220 continue
Tdo - That z-GwPZt
Tcent Tdo
Tx £ rdo

Zz zt
Or EXP(-0.00012145*Zz)*Psfc
Qv , r~ix ratio(Tx, 100.0, Pr)
Tx * Tdo+O.001
Qva rNix ratioC(Tx, 100.0, Pr)
DQdt , (Ovs-Ov)/0.O01
Thk " That z+273.16
Tk Tcent+273.16
0the - Zthe-Thk*(I .0Lcpgkg*Qv/Tk).273.16
Dthe , Othe/(I.0.Lcogkg*Ov/Tk4-Thk/Tk*Lcpgkg*Dqdt)
if (ABS(Dthe) .GE. 0.0001) then

lh atz a Th at z+Dthe

Qsat a Ov

endi f

if (ASS(Dthe) .GE. 0.0001) go to 220

I (return)
Rh a 100.0
Tcent a Th at z-GamZ
GOTO 21760

22170 contirue
end I Parcel2

block dataS( (uaaauazmuauuauauuu3.aara=IIS Z35U3t3333*33 3U3Uit3ZE5Ua3Z33iUU33~u3333S~u)

c ( FiLe Namw: TABLES )
c( )
c ( Purpose: Define gLobal constants )
C for NOVAiSR )€( ~)
c ( Revision History: )
c (..................................................................... )

c ( Version I Date I Programser I Re"mrks )
€ '' .. . .....°'''".......................".... °............-......'°)

c ( 1.00 05 Nov 1991 I Charles McGrath 1 Made many globaLs tocal )
C (:lluuuutstumlllzzauuuuuuasazkiaallttuullauulmat uuauuuulasulaaal:3u-u'.u.l)

c (............'"....."°.............°.... ...... o..... ....... .o.........o........

c T-IS UNII DEFINES THE REFRACTIVE INDE' MATRICIES USED BY THE
c NOSC PROGRAMS
c AERO149] (32 & WATER (1692 (32
c AND THE PRE CALCULATED OPTICAL PARAMETERS NATRICIES
c TO, T1, T2, T3, EO, El, E2, E3, L AND R
C ........................................................................... )
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rest TOT1,T2,T3
resL EO,EiE2,E3
real L
real R
cMon/opmat/TO(40),T1(4,4O),T2(4,40;,T3(4,40),

S EO(40),EI(4,40),E2(4,40),E5(4,40),'.(40),R(4)

c€ The following data was added 7Aug86
cl Detain:
c| ... '"....................................................:

cl
c! Data Array Input Code
cl This is the Latest set of data from the runs on
cl : the NTL - CRAY using 90 strips for- the Integration.
cI This recalculation done in Jan 1986 by SGG.
CI : This is now coded to work with FORTRAN
ci It now includes dust, bl aerosol, and Seasalt
c -: .....................................................-
C ........................................................................... )

c ( Date TOQext this is tog1O of extinctions for dust, no growth)

data (TO(i),io1,40L
S/-2.923469, -2.959912, -2.987542, -3.173103, -3.302204, -3.616221,
S -4.137672, -4.703840, -4.895752, -5.076487, -5.037593, -5.163872,
S -5.103556, -5.217363, -5.296889, -5.327413, -5.289900, -5.102895,
S -5.095074, -5.084157, -5.048526, -5.195929, -4.9"125, -4.894694,
S -4.842967, -4.831179, -4.850442, -4.68551, -5.043366 -5.C77295,
S -5.139279, -5.190232, -5.196406, -S.246624, -5.277893, -5.2j5742,
S -4.97U93, -5.186926, -4.969319, -S.060012/

c 0! DATA TIOEXT(11) RH-.OX, Log10 of extinction, Gerber growth, bi aerosol)

date ((T1(ij),ju-,40),i-1,4)
SI-3.109512, -3.257849, -3.312177, -3.607813, -3.783940, -4.165230,
S -4.566198, -4.872668, -5.026904, -5.145560, -5.032574, -4.290340,
S -5.104390, -5.450016, -5.497191, -5.579665, -5.614251, -4.962693,
S -5.072424, -5.373218, -5.411415, -5.457934, -5.390972, -5.322320,
S -5.318533, -5.299478, -5."43818. -5.392556, -5.311473, -5.180292,
S -4.963052, -4.880975, -4.880810o, -4.919121, -4.935093, -4.987036,
S -5.100979, -5.190460, -5.278560, -5.269282,

c (I DATA T1QEXT(12) RH*85%, LO910 of extinction, Gerber growth, b1 aerosol I

S -2.881372, -3.006745, -3.054640, -3.323874, -3.487249, -3.847192,
S -4.234503, -4.538456, -4.709453, -4.868959, -4.779787, -3.914959,
S -4.732570, -5.105147, -5.157909, -5.e62640, -5.348955, -4.621638,
S -4.728809, -5.058379, -5.157147, -5.19.931, -5.166802, -5.030182,
S -5.122220, -5.108379, -5.146247, -5.046100, -4.941043, -4.795771,
S -4.572189, -4.491915, -4.493928, -4.531003, -4.557207, -4.613376,
S -4.733110, -4.836958, -4.947191, -4.973DS8,

c VI DATA TIOEXT(I3)RiAN95%, Log10 of extinction, Gerber growth, bi aerosol)

5 -2.544668, -2.624227, -2.659536, -2.876508, -3.015995, -3.334879,
S -3.690242, -3.978232, -4.147185, -4.327570, -4.319030, -3.445402,
S -4.174977, -4.519074, -4.627327, -4.745790, -4.865855, -4.164842,
S -4.261830, -4.592218, -4.7205i38, -4.756763, -4.753329, -4.739547,
S -4.733251, -4.724435, -4.711348, -4.594978, -4.482949, -4.334081,
S -4.108630, -4.027663, -4.030286, -4.066204, -4.095696, -4.153403,
S -4.275462, -4.384523, -4.502891, -4.542451,

c 0! DATA T1QE(T(I/4)RHu99%,'Log10 of extinction, Gerber growth, bI aerosol)

S -1.936329, -1.941536, -1.953817, -2.066715, -2.156580, -2.387460,
S -2.670094, -2.91403Z, -3,061941, -3.242225, -3.365956, -2.588397,
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$ -3.105357, -3.379822, -3.564331, -3.689817, -3.838812, -3.299625,
S -3.361900, -3.659516, -3.809977, -3.866429, -3.880711, -3.891503,
S -3.893537, -3.891807, -3.867997, -3.754512, -3.643898, -3.496727,
S -3.272239, -3.187722, -3.190333, -3.224186, -3.254.387, -3.312034,
S -3.435535, -3.547922, -3.671294, -3.719149/

c (I DATA T2QEXT(iH)RHu50M, LoglO of extinction,
c Gerber growth, sessaLt serosut)

date C(T2(lj),ju1,40),iu1,4)
S-0.562154, -0.541000, -0.535838, -0.501248, -0.491578, -0.505651,
S -0.577361, -0.670094, -0.734522, -0.820333, -0.960658, -0.705446,
S -0.812254. -0.923323, -1.065244, -1.160931, -1.299625, -1.P53249,
S -1.139141, -1.317539, -1.461942, -1.560225, -1.576820, -1.530075,
S -1.541997, -1.583959, -1.709209, -1.740167, -1.716066, -1.641 I80,
S -1.484418, -1.389148, -1.387269, -1.383766, -1.393447, -1.432997,
S -1.532836, -1.628341, -1.716654, -1.611100,

c(0 DATA 72QEXT(12)RN85X, LoglO of extinction,
c Gerber growth, sessatt aerosol)

S -0.180746, -0.168194, -0.161548, -0.120W3, -0.113876, -0.104589,
S -0.144638, -0.210292, -0.262092, -0.342170, -0.500313, -0.252596,
S -0.294436, -0.391774, -0.529266, -0.609083, -0.728925, -0.692590,
S -0.601609, -0.734522, -0.864073, -0.959081, -0.989022, -1.002815,
S -1.027173, -1.058598, -1.161529, -1.179575, -1.1"4021, -1.058086,
S -0.883027, -0.777310, -0.776011, -0.780520, -0.793147, -0.829592,
S -0.930369, -1.032326, -1.147892, -1.156823,

c (V DATA T2OEXT(13)RH195%, 1Io10 of extinction,
c Gerber growth, seasait aerosol)

S 0.233022, 0.248537, 0.255490, 0.280738, 0.296358, 0.322323,
S 0.317186, 0.283776, 0.250883, 0.190528, 0.043991, 0.227064,
S 0.7.40150, 0.171375, 0.056714, -0.005753, -0.1044S, -0.107049,
S -0.019760, -0.111894, -0.222269, -0.309795, -0.343471, -0.385008,
S -0.416325, -0.43107, -0.543619, -0.572969, -0.545765, -0.468100,
S -0.299288, -0.187568, -0.185732, -0.166699, -0.196543, -0.225060,
S -0.114688, -0.409771, -0.528987, -0.599376,

c (I DATA T2QEXT(O4)RHftIz9., LogIO of extinction,
c Gerber growth, sessatt aerosoL)

S 0.904948, 0.913119, 0.915880, 0.932692, 0.942722, 0.970068,
S 0.992841, 1.000130, 0.994599, 0.971842, 0.877343, 0.94527,
S 0.999687, 0.976859, 0.913114, 0.878096, 0.815438, 0.763023,
S 0.844197, 0.802733, 0.727251, 0.659441, 0.629980, 0.582097,
S 0.550094, 0.527088, 0.425844, 0.369142, 0.370661, 0.420764,
S 0.5061781, 0.673620, 0.676547, 0.685052, 0.682037, 0.668041,
S 0.605316, 0.533340, 0.431814, 0.329011/

c (0 DATA T3QEXT(I1)RH:5OM, LoglO of extinction,
c Gerber growth, sessalt serosot)

data ((T3(i,j),j-1,40),I-,4)
S /2.145352, 2.149712, 2.150081, 2.157819, 2.160943, 2.172369,
S 2.182300, 2.198024, 2.206151, 2.215479, 2.220396, 2.200577,
S 2.224429, 2.235932, 21247089, 2.252125, 2.251881, 2.216931,
S 2.245858, 2.249565, 2.2407"9 2.223184, 2.219349, 2.233529,
S 2.233301, 2.223522, 2.183327, 2.135769, 2.100405, 2.072581,
S 2.057780, 2.112337, 2.118033, 2.14.5880, 2.169792, 2.173914,
S 2.157910, 2.133092, 2.09& i,6, 2.071551,
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c (I DATA T3 XT(12}RHu85X, LoglO of extinction,
c Gerber growth, seasaLt aerosol)

S 2.5"W02, 2.550559, 2.551450. 2.557002, 2.556303, 2.568483,
S 2.579944, 2.588787, 2.594227, 2.602700, 2.609861, 2.589771,
3 2.619658, 2.619740, 2.633256, 2.640750, 2.646168, 2.612625,
S 2.634054, 2.645353, 2.605560, 2.638469, 2.635293, 2.634195,
S 2.630916, 2.624179. 2.587251, 2.536697, 2.499550, 2.473"57,
S 2.492271, 2.555602, 2.559392, 2.579292, 2.591443, 2.598692,
S 2.594271, 2.583119, 2.557543, 2.511563.

c (V DATA T3QEXT(13)RH=95%. LoglO of ex.•I¢ction,
C Gerber growth, seasaLt aerosoL)

S 2.979T7I, 2.983924, 2.984100, 2.989356, 2.994920, 2.998338,
S 3.007748, 3.013217, 3.017576, 3.023294, 3.029384, 3.015066,
S 3.028815, 3.036349, 3.047586, 3.055225, 3.063446, 3.040523,
S 3.053309, 3.065131, 3.071330, 3.072728, 3.072287, 7.070297,
S 3.0M777, 3.064.308, 3.039097, 2.995561, 2.960823, 2.935981,
S 2.958272, Z.012584, 3.01544., 3.03116, 3.039136, 3.04.7314,
S 3.050457, 3.049412, 3.037825, 2.997041,

c (V DATA T3QEXT(14)tR=99%, LoglO of extinction,
Gerber growth, seasaLt aerosoL)

S 3.6534.73, 3.655388, 3.656424, 3.659012, 3.659869, 3.665281,
S 3.669586, 3.675283, 3.677698, 3.681341, 3.683875, 3.67b327,
S 3.686136, 3.690311, 3.696671, 3.701421, 3.707579, 3.699161,
S 3.704202, 3.711293, 3.718369, 3.724243, 3.726311, 3.728670,
S 3.729554, 3.729634, 3.723218, 3.698631, 3.672587, 3.649345,
S 3.660752, 3.697160, 3.699092, 3.710320, 3.715769, 3.723061,
S 3.731008, 3.738011. 3.741238, 3.723513/

c ( Data EOAbeb this is logIO of absorption for duat, no growth)

date (EUgiM,il,40)
S/-3.405276, -4.212023, -4.264226, -4.504553, -4.631230, -4.87988,
S -5.120961, -5.270301, -5.277629, -5.327127, -5.204384, -5.286820,
S -5.319538, -5.441112, -5.421143, -5.410.64, -5.330776, -5.112107,
S -5.102203, -5.089360, -5.077518, -5.200322, -4.946115, -4.905005,
S -4.864899, -4.851829, -4.867324, -4.981424, -5.056550, -5.088320,
S -5.146417, -5.195315, -5.201301, -5.2508.4, -5.281980, -5.238621,
S -4.980219, -5.188432, -4.9697,24, -5.060256/

c (0 DATA TiAIS(Il) RHgt50, LoglO of absorption, Gerber growth, b1 aerosoL)

data ((EI(I,j),j=1,40),ji1,4)
$/-7.542300, -7.634400, -7.645008, -7.626563, -7.566887, -7.281856,
S -6.784•94, -6.176741, -6.103452, -5.786589, -5.203967, -4.332482,
S -5.421498, -6.048211, -5.737596, -5.773142, -5.740526, -4.979722,
S -5.099890, -5.417403, -5.439400, -5.481710, -5.405530, -5.335857,
S -5.333229, -5.312980, -5.4.4742. -5.399049, -5,315550, -5.182573.
1 -4.964210, -4.881868, -4.881669, -4.920023, -4.935954, -4.987796,
S -5.101571, -5.190865, -5.278808, -5.269371,

c C! DATA 711ABS(12) RH=85%, LoglO of absorption, Gerber growth, b1 aerosol)

S -7.651715, -7.765837, -7.777154, -7.T5738., -7.692205, -7.348693,
S -6.733.63, -5.9b0842, -6.103909, -5.697431, -4.948577, -3.960784,
S -5.092422, -5.829035, -5.406636, -5.472576, -5.500547, -4.637555,
S -4.757856, -5.106860, -5.192891, -5.218668, -5.186319, -5.146034,
S -5.137124, -5.121685, -5.154455, -5.050M"10, -4.943438, -4.797158,
S -4.573147, -4.492914, -4.494904, -4.531993, -4.558164, -4.614269,
S -4.733815, -4.837465, -4.947537, -4.973181,
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c (I DATA TIQARS(13) ROM95%, LoO10 of absorption, Gerber growth, bl aerosoL)

S -7.607250, -7.769091, -7.781123, -7.757856, -7.686r4, -7.2120".,
$ -6.43T814, -5.580540, -5.868285, -5.372983. -4.529090, -3.507044,
S -4.633166, -5.418893, -4.953739, -5.032096, -5.087661, -4.187321,
S -.. 305105, -4.665164, -4.778899, -4.798521, -4.786n95. -4.765103,
$ -4.755377, -4.7438U4, -4.721887, -4.599911, -4.485798, -4.335828,
S -4.110133, -/,029381, -4.032008, -4.067917, -4.097372, -4.155001,
S -4.276717, -4.385440, -4.503472, -4.542663,

c (I DAYA T1QABS(14)RHx99M, LoglO of absorption, Gerber growth, bi aerovol)

S -7.263078, -7.589290, -7.619734, -7.595252, -7.499311, -6.627106,
S -5.663140, -4.738333, -5.147172, -4.582545, -3.698927, -2.691500.
S -3.757161, -4.569554, -4.094820, -4.181167, -4.253755, -3.349294,
S -3.457411, -3.820333, -3.949695, -3.969117, -3.968147, -3.V58370,
S -3.949698, -3.941119, -3.893877, -3.766420, -3.650859, -3.501207,
S -3.276528, -3.192946, -3.195581, -3.229487, -3.259653, -3.317187,
S -3.439770, -3.551139, -3.673439, -3.719968/

c (I DATA T2QABS(II)RH50%, LO910 of absorption,
c Gerber growth, Seasalt aerosoL)

data ((E2(0,j),jx1,40),i=1,4)
•1-3.196659, -4.978563, -5.772113, -7.459721, -6.504608, -3.589729,
S -3.199916, -2.724781, -2.829680, -2.455374, -1.814656, -0.994305,
S -1.860373, -2.607778, -2.200653, -2.2742", -2.344228, -1.541438,
S -1.576574, -1.950472, -2.075421, -2.074688, -2.048085, -2.005947,
S -2.014354, -2.023563, -2.043279, -1.950007, -1.855831, -1.729717,
S -1.532377, -1.437279, -1.436590, -1.438600, -1.457922, -1.499242,
S -1.593187, -1.678775, -1.753723, -1.626059,

c (V DATA T29ABS(12)RHa8SS, Logl0 of absorption,
c Gerber growth, SeaseLt aerosoL)

S -3.090813, -4.921326, -5.659953, -7.151398, -6.136635, -3.431118,
S -2.910519, -2.199978, -2.478993, -2.006392, -1.258462, -0.508386,
S -1.244034, -2.011383, -1.576197, -1.657"95, -1.738690, -0.953778,
S -0.996712, -1.328892, -1.460297, -1.479530, -1.474398, -1.45a321,
S -1.459170, -1.460573, -1.445584, -1.345708, -1.250503, -1.125628,
S -0.933898, -0.837555, -0.837256, -0.847161, -0.865345, -0.905145,
S -1.003589, -1.098591, -1.202255, -1.182"41,

c (I DATA T20ASS(M3)Rms95,, Logl0 of absorption,
c Gerber growth, Seasalt aerosol)

• -2.989658, -4.785633, -5.401100, -6.710545, -5.642313, -3.204621,
S -2.467437, -1.622366, -1.994262, -1.461992, -0.686723, -0.032705,
S -0.647991, -1.401472, -0.963810, -1.044389, -1.126697, -0.385177,
S -0.421361, -0720881, -0.849182, -0.874194, -0.876606, -0.872215,
S -0.F71278, -0.$70117, -0.846582, -0.7511", -0.661623, -0.545399,
S -0.367280, -0.270179, -0.269347, -0.276257, -0.290467, -0.323636,
S -0.413154, -0.503140, -0.611171, -0.644089,

c (! DATA T2QABS(I4)RHu99-, LoglO of absorption,
C Gerber growth, Seaaatt aerosoL)

S -2.638763, -4.393844, -4.9055", -5.768658, -4.775933, -2.611970,
S -1.658763, -0.721544, -1.135655, -0.573879, 0.177854, 0.668563,
S 0.223028, -0.480172, -0.054477, -0.128106, -0.205909, 0.446941,
S 0.425714, 0.176439, 0.060622, 0.0115630, 0.030478, 0.028775,
S 0.029587, 0.031368, 0.053463, 0.135260, 0.211094, 0.307988,
• 0.456032, 0.547947, 0.549714, 0.551206, 0.543956, 0.523720,
S 0.457942, 0.387817, 0.294576, 0.240225/
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C (0 DATA T3QABS(I1)RH=50%, Log10 of absorption,
c Gerber growth, Seasatt aerosol)

data ((E3(ij),Jz1,40),i•1,4)
S/ 0.362765, -1.481091, -2.168143, -3.86525, -2.868061, 0.013596,
S 0.426039, 0.894322, 0.823031, 1.164353, 1.646051 1.894338,
S 1.616497, 1.063108, 1.421801, 1.377397, 1.331042, 1.821546,
S 1.823474, 1.632569, 1.557640, 1.558252, 1.579486, 1.622784,
S 1.621374, 1.612498, 1.591376, 1.638419, 1.654585, 1.743620,
S 1.822273, 1.881755, 1.885333, 1.904071, 1.914703, 1.913077,
S 1.892696, 1.869654, 1.842990, 1.894576,

c (0 DATA T30ABSCI2)RH-BS%, LogI0 of absorption,
c Gerber growth, Seasltt aerosoL)

S 0.497096, -1.340274, -2.058066, -3.553587, -2.S01593, 0.187887,
$ 0.717704, 1.407951, 1.163519, 1.601484, 2.127623, 2.281647,
S 2.121494. 1.612540, 1.967225, 1.922845, 1.874563, 2.270143,
S 2.268859, 2.142984, 2.079362, 2.070924, 2.076240, 2.0902Z3,
S 2.091280, 2.089658, 2.091421, 2.132932, 2.169145, 2.211921,
S 2.270306, 2.320541, 2.323108, 2.336380, 2.342561. 2.345060,
S 2.336099, 2.323046, 2.299551, 2.306961,

c (I DATA T3QA8S(13)Rk395, Logi0 of absorption,
C Gerber growth, Sessatt aerosol)

S 0.646286, -1.165198, -1.774200, -3.101939, -2.022990, 0.410760,
S 1.159116, 1.955976, 1.630275, 2.117603, 2.612318, 2.699664,
S 2.606790, 2.162116, 2.488635, 2.451280, 2.409324, 2.?19107,
S 2.717912, 2.634991, 2.586700, 2.579429, 2.5804%;, 2.585145,
S 2.58664, 2.587172, 2.5914426, 2.626453, 2.65214L;. 2.68, Is.
S 2.719248, 2.758473, 2.760566, 2.772256, 2.777652, 2.78" .,
S 2.783925, 2.781202, 2.768912, 2.765445,

c (I DATA T3QABS(IO)RH'99M, Log1O of absorption,
c Gerber growth, Seasatt aerosol)

$ 0.870942, -0.775389, -1.289Z82. -2.281015, -1.181517, 0.960680,
S 1.930231, 2.783968, 2.430543, 2.920468, 3.328420, 3.352491,
S 3.317374, 2.975119, 3.246055, 3.219191, 3.189378, 3.390246,
S 3.388190, 3.349355, 3.322798, 3.320416, 3.321080, 3.32380,
S 3.325782, 3.327257, 3.335217, 3.354205, 3.366694, 3.377834,
S 3.392662, 3.415608, 3.017106, 3..26446, 3.431316, 3.438210,
S 3.447855, 3.455637, 3.458985, 3.462727/

c (....................... ...... ......................... ...............

c (6*** WaveLengths of these calculations in micro meters * *)
data L

/ 0.2, 0.3, 0.3371, 0.55, 0.6943,
S 1.06, 1.536, 2.0, 2.25, 2.5,
S 2.7, 3.0, 3.3923, 3.75, 4.5,
S 5.0, 5.5, 6.0, 6.2, 6.5,
$ 7.2, 7.9, 8.2, 8.7, 9.0,
S 9.2, 10.0, 10.591, 11.0, 11.5,
S 12.5, 14.8, 15.0, 16.4, 17.2,
S 18.5, 21.3, 25.0, 30.0, 40.0 /

c (**"* Relative hunidity of the colculations )
data R /50, 85, 95, 99/
end
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SUSROUTINE ';well(imede , f, rh, AMPVaI)

c ( Purpose: To calculate the growth of hygroscopic aerosol wrt 80% )
c ( Called by: Oepovel )
c C Calls Out: otoy 3
c C Revision History:
c .-..-.-----......-..-.......-...-..................................-
c DaOte I Programmer I Remarks

c C 1978. J. Fitzgerald Original concepts reported in )
c the literature, Fitzgerald 1978) )
c ( 1983 S. Gathemn Fitzgerald's formslation in NAN )
c ( 1986 M. Gerber Expanded Humidity Parameters for )
C NAM, Gerber(1985) 3
c Jun 1989 S. Gathmn Used Gerber's formjla in NOVAK 3
c C 02 Oct 1991 Charles McGrath Comments added )
C k Nov 1992 Linda Hitney Converted from PASCAL to FORTRAN 3
C ( Sep 1993 S. Gathmr Integrated into NOVAMSR 3
C (IIulIuIIuMuuu IIIuu I u llllmu II I IIuu II * lI.l.. ill laIulIuw l Iu I IIIII IIma)

c (erber's formula)
select case (amode)

case (2)
c7 - 1.83
€8 a 5.13

case (3)
c7 a 1.97
c5 a 5.83

case (1)
if (ANPVaI .GT. 5.0) then

c7 - 1.28
C8 = 2.41

*Ise
c7 a 1.17
c8 a 1.87

endif
end select I (case)
a & c7 - rh/IO0.O
b W c(1.0-rh/100.O)
f * a/b
b 1.0/3.0
f xtoy(f, b)
and I (Swell)

SUBROUTINE sufin(SOOate, SurfObsFiLt1ame)
c (IamuimmzImalIIaumluluIIIuluaiauaaluallauaaaumauuum uuaumuaaeaaImlaalIllIlI)

c ( Purpose: Read surface observation file & assign to SOasta or i'% 3
c ( dammy value reed from surface obs file, then assigr default 3
c ( Preconditions: SurfaceObsFiLeNeme exists & is in proper format )
c C Global Variables: none 3
c ( Called by: NOVAMNS.
cC............ ...**'''°**"...................... ...''*''**"................ *

C C 01 Jan 1991 Stu Gathman modified 3
c 27 Sep 1991 Charles McGrth Comments added
C Nov 1992 Linda Hitney converted from PASCAL to FORTRAN 3
C Sep 1993 S. Gathwan Integrated into NOVANSR 3

......... *....... .... ........................ ...... .... ........... ...... .°.3

This program is used to input all of the surface observations and to )
I substitute the default values when the value of -99 for temperature )
I or -1 for other surface observations is found in )
I the surface observation file at a particular location. )

I A. Surface Observation file (9 parameters, use "-1" if the parameter 3
I is not measured, or If temperature, use -99 if not measured) 3
1 1. Tate a Sea surface temperature (C) 3

2. TI1 a Air temperature (C) 2 10 meters 3
3. Rh a Relative Humidity M•) a10 meters; used to )

calulate: Qp z Mixing ratio (g/kg) W10 meters )
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4. Svis a Optical Visibility (kilometers)
5. UIO Current rest wind speed (m/s) 910 meters )
6. Uave a Averaged wind speed (24hr) (m/s) )
7. Amp a Air Mass Parameter (i..10)

(note: amp & avis are irputs to the NAAVS model )
to get new amp.)

8. Irext a Surface IR Ext. (1/km) (010.6 microns)
1 9. 1 2 Zonal category (0..6)

c....................................... I ............................................. )
£ ( Default surface Met. data is:
c ( Tropical Is square 049,
c ( midtatitude Is ship station Ne,
c ( sub attic Is ship station #I .
c C Winter Is January and Su er is July. )
c ( Data from U.S. Navy Marine Climatic Attas of the World )
c ( (revised) Vot 1, Worth Atlantic Ocean, by J.M. Meierve (1974).
C ............... .............. ... .. ....... * ** . .. ......... *''".................

rest dtaenae6i /26.5, 26.5, 24.8, 19, 12.2. 9.-2/
rest dwind(&) /5.47, 4.16, 5.26, 10.58, 8.05, 12.47/
charecter*12 SurfOb&Fi •e&me
Include ,sodata.inc,
real surfops(9)

rest a/ -4.OS801664 /
real b/ -0.00890W6j /
resa c/ 0.038432675 /
resa df -0.64465936 1

rest e/ -0.00899986 /
real g/ n.O.7232437 /
real t/ 2.019394568 /
real W/ -0.00900420 /
reel n/ -0.016770367
rest pi/ 3.14159265 /

I (.. -- initialize mixing ratio to f\,•gged value ... )
Soate.0P a -99.0

I (-.-- Aesd in suplace observation file to list surfops() .. )

opa(uniitu35, f e teSurfObsF I Le samwstatus'otd' )
read (35,*) sur4ops
ctose(35)

c ( .--- , Osts.ZoneIndex becomeb now the index of zonal category .... )

c ( ---- checking the range of SODataalonelncdex for validity ....
SODatL.Zomel~ndx - int(surfops(9))

if ((SODsts.ZoneInd•x .L0. 1).0R.(SC ~ati.Zneindex .GT. 6)) thsoi
S0Iatsa.Znnelr-dex c3

EWOIF

c ( -.--- fitting in the default valves if necessary . )
c (SEA SUIRFACE TEhPERATURE acceptable range of -5 to v35 deg C )

if C(aurfops(l) .LT. -5.0) .Ni(. (surfopel1) .GT. 35.0)) then
SMLSts.TSea • dtses(SO!atm.Zonelndex)

else
SOData.TSes surfops(1)

-- _ - tif

c (AIR TEMPERAIUWE (C) acceptable range of -50 to +40 deg C )
if ((surfops(2) .10. -r50.0) OR. (surfops(2) .GT. 40.0)) then

Ic ( set flag to check radiosonde data for a usable telpe~rotuve )
-s-are,TO U -W.0
S;ODat.110"e-Is .false.

eise
SCOota.T10 c surfops(2)
S0CoteTI0MP.as v t~rue.

enidif

c (RELATIVE NWjý4iDiY accop-abtl range of 0 to 100 percent )
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if (Csurfopa(3) LT1. 0.0) .OR. (surtops(3) .G1.100.0)) then
SQData.RHMi 2 *99.0 1(flagged for radiosonde calculation in)
SODsta.RHMMeas a *false. I(AsslgnftSondevars procedure in this LtnC)

etae I ( sgg fix 11/26/90 )
Sa~ate.RH = surfops(3) I (Use this RH vaLue directly)
SOData.RHtMe~as a .true.
if (SO~ats.TOMe&as) then

vp0 a vappr(SO~ate.T10)
vpO a vpo -surfops"3) /100.0
SOData.Qp w 623.0 *vp0 /(013.0 - vpO)

endi f

c (CURRENT WIND SPEED (M/S) acceptable range of 0 to 40 rn/s)
if ((surfopsC5) .LT. 0.0) .OR. (surfops5S) .GT. 40.0)) then

I default values: 5.47, 4.16, 5.26, 10.58, 8.05, 12.47 rn/s)
SODat&.U10O dw i nd(S00ata. Zone I ndex)
SO~atst.U104eas a false.

else
SOData.U10 a surfops(S)
So~ata.U10Keas a true.

endi f

c (AVERAGE WIND SPEED (MIS) acceptable range of 0 to 40 m/s)
if ((surfops(6) LT1. 0.0) .OR. (surfops(6) .GT. 40.0), then
SODats.U1Avea2 SOData.U10

else
SODmta.UAve a surlops(6)

and if

c (OPTICAL VISIBILITY (134)) te

Swata.SVIs a 10.0
SOData.SVis~eas a .false.

*ele,
SGData.SVis a surfopa(4)
SO~ata.SVis~sas - .true.

endi 4

If (surfops(4) G.6 500.0) then
Qfac aOfac -2.0

SOData.SVis 2500.0

SOData.SVis~eas - .false.
else

SO~ata.SVig a surfops(4)
SOData.SVis~eas a .true.

endi f

c (AIR KASS PARAMETER acceptable range of I to 50)

c Tn~s is a technique to do the air mass parameter logic
c and the meathod of using the visibility if it is available
c to determirm. the air mass parameter.

IF(SURFOPS(7) GT1. 0.0) GOTO 100
IF( .NOT. SO~ata.UlOMeas ) 6010 200
IF( NOT0. SO~ata.SVIS~eas) G010 200

c deteiw-lne the ~..M.p. frm'w the visibility and wind data

fa ((2- aLa~.RNH/100)/(6*(1-So~ata.RHH/100)))**(i/3)

be-tavis02(3. 912/SDat . SV is ) . 01162

ia (&+c~V)ata. ANN)/ (I4b*SMta. OHM)
%2z(d~ogS00ata.RHH)/'1+e'S00ata.RHK)
t3w(l'nS$Oata.RMH)/(1ifvmSOata.RHK)

betaszpi*FN8(SO~ats.Uave)*t? / (1000 1)
be~a3-.:pi*FNC(SOData.U10)*t3 / (1000 1 )
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if(betavisO .le. (20.0 *T1 *beta2+beta3)) then
ama0.1

else
Up= SQRT((betavisO-(be..?2+bet53)l/(2'pi'tl/f))"idf

SOOsta.Aa m = p
goto 500

100 S0Dota.AMp surfops(7)
GOTO 50O

200 SOata.Amp m 2.0
500 continue

c (SURFACE IR EXTINCTION)
if ((Surfops(S) .LT. 0.001) .OR. (surfops(g) .GT. 100.0)) then
afac a Ofac " 2.0
SOOata.IRExt =-1.0
SOData.IRExtMeas a .false,

else
SOOett.IRExt a Burfops(8)
SO&ta.1RExtNeas = .true.

"endif

end I ( sufin )

SUBROUTINE CheckRSondeData(RdataAry)
C (uuBwuuIaauauaumsluuuuII maaauaauuaauau•=iaz:aauaaxazaa=)

c ( Purpose: Check range of potential temp & mixing ratio )

c ( 01 Oct 1992 Stu Gathman
C ( Nov 1992I Linda Hitney converted from PASCAL to FORTRAN I
e { Sep 1993 S. Gathiman Integrated into NOVANSR I
C (=as .......uuuaauaailuuaalinaauaagO uaauazanuuauaLalaaa aua u - )

reaL slt, pt, mr, rh, airt, pres
reaL RdataAry (200,3)

I begin ( CheckRSondeeate I
do i16 , Int(RdataAry(1,1))

if((I.GT.6) .and.
S C((Rdat.Ary(i,2).GT.50.0).or.(RdataAry(i,2).LT.-30.0))) then

RdataAry(i,1)RdataAry(i-1,1)
RdataAry( i,2)=RdateAry(i-1I,2)
RdataAry( i ,3)xRdataAry( 1-1,3)

endif
S tt=RdataAry( i, 1)
pt =RdataAry(i,Z)
mr *RdataAry(i,3)
calL catc rh atemp.press ( alt, pt, mr, rh, airt, pres
if (rh .CT. 99.0) then

call Convert Rdate ( pres, sirt, 99.0, slt, pt,mr)
Riatmary0 I ,3),mr

endif
enddo
end I ( Ch!ckRSor ta )

SUBROUTINE caLc rhatefip#preis( alt, pt, mr , rh, airt, pres

c ( Purpose: This is a program to convert the attitue,
c ( Potential Temperature and mixing ratio date into the I
c ( pressure, air temperature and relative humidity )
c ( profile data.
c --.............-.....--...........-- -..........-..--.....................
c ( 01 Oct 1992 Gothman & McGrath designed program for NOVANZ15 I
)
c Nov 199 Linda r litney converted from PASCAL to FORTRAN I I
c ( Sep 199Wt S. Gathman Integrated into NOVAISR ) )
£ (ulluuus~ussua-aulsaa=u I:=u=~ua=till ulauu•at=lusaus aaam101:===== )
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reot att,pt~ffr
real rh~airt,prCB

if (qtt.L.500.0) then
presn'10¶

3.O-55 .0*at/500.O

pves-iOZi .s8 texPcC.00012739*alt)

setvp- vappr(airt)
satmrsz0.0,&tVP/(pree- satvp)
rhul 0O0. O/satmr
end I celC~rh...t4MpPrees

SIJSOtGTINE convert Rdats (pres,at~rh. alt, pt,mr)

c proe Thsis a programl which to'es as input the pressure,)

r. C airtemp and iii data and gives beck alt, potential teqrperature)

c( and mixing ratio at that level 
)

cC
c ..................................................................
c ( Sep 1992 S.Gathffief designed program for NOVA14215)

c No 192 LnaHte converted fromt PASCAL to FORTRAN )
c Se '193 S.athn inegraed Ito OVAMSR

real alt, pt, or, rh, at, pres

if (pros.GT.9 58 .O) then le (see formula e5,15 and gS in Opro prog2.wq1)

attu(1013.O-pres)*500.0/5
5 .0

altuo-go(pres/lOZ
1 .38)I0.00012739

pts(at+273.15)*xtoy(1000.0/pres,0.
286) -273.15

.rsrh*620.0*vappr(at)/( 100.0*(pres.YaP~t(5t)))

Ego IConvert Rdeta

SuBRWT INE KAKE U0RD.ARY (preasmlO. rdataary)

c ( daet at-ray called rdateary which will be used by NOVAK.

cC ---------------..................... 
.............................

c ( Sep 199? S.Gathmfar% designed programi for I4QVA$SR)

c ( Sep 19U.' S.Gathwanf integrated into NOVANSiR

real prea~'iteC5,3),rdat~aey(2OO,
3)

do iSISs
rd&.taary0,i *1)zprealC( i,1)

rdateely(i ,2)zprewbe0,Zi~i.)
rdatvory( i,3)cpreNIbLC(i,'3)

erddo

if (Int(Rdat&AryC1,1)) .AT. 200) stop

s 'more then 200 records in rsondel

read(13,
2 )j

do I 1 I *
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c a is pressure, b is air temp~erature, and c is retative humidity.
C we mi~st translate these beck to the NOVAK values of altitude, pt and mr.

RdotaAry(1+5,1)wattitude(a)
RdataAry(I+S,2)uPotential~tefl~erature(a,b)
RdataAry(1.5,3)url~ixing~rati o(c,b,a)

close0 3)

C ( RdataAry(¶,1) is number of rows in the radiosonde matrix 3
c ( note that RdatAry(l, 1) is five morp than n..mier actual)
c ( radiosonde observations, unless a 1, then no rsond data.)

end I (MAKE RDATAARY)

SUBROUIINE AssignT10 RHN QP( RSond)ata, SO~ata)

c < Purpose: chocks surface temp, ret humidity, and mixing ratio values )
c C in surf ohs file for being measured, uses Rsorde if possible )
c (C*lled by- NOVAN21S.FOR)
e CoCatl out: (none))
c (Preconditions:
cC Global Variables:
c ------------------------------------------------------------------- )
c (26 Feb 1992 Charles McGrath created)
cC Nov 1992 Linda Ilitney converted from PASCAL to FORTRAN )
c Sep 1993 S. Gathman integrated into NOVANSR >
c (.usu~uansiuuauuu~~suuwnsu~sa.u..~zwsuu

real RSond~ata (200,3)
real dtiO (6) /26.3, 26.3, 24.2, 17.5, 9.5, 7.0/
include lsodata.incl
Psic a 1013.01 C surface pressure in millibars

c C Surface Air Teperature - - if flagged as not already measured, then if
c ( radiosonde data exists at below 100 meter altitude, then use the
c < radiosonde temperature, otherwise use table value for geographic zone.

if (.NOT. SOData.T10Neas) then
if (CRond~ata(1,i) .GT. 5.0).ANO.

S (RSond~ata(6,1) I.LE. 100.0)) then
SWata.Ti0 a RSondData(6,2) I c ( assign tewq at lowest height

else
SlOlata.T10 a dtlO(SOData.Zonelndex)

endi f
endifI

c C Surface Rolative Huntidity -- if flagged as not measured and )
c C there is radiosonde data from which to derive huimidity data )
c ( if radiosonde data exists at an altitude below 100 meters

If (.NOT. S(XData.RNI4Keas) then
if ((RSorc~ata(1,1) .GT. 5.0).AND.
$ (RSondData(6,1) I.E. 100.0)) then

Ic ( ftel~iua a ratio of measured mixing ratio divided by saturation )
Ic ( mixing ratio. Measured mixing ratio, OP in g/kg is from )
le C rsonde(1,3) and saturation mixing ratio is calculated from)
Ic ( vapor pressure at surface temperature RSonde(1,2) value )
Ic ( The saturation mixing ratio formula gives results in gig, )
Ic C so needs to be multtiplied by 1000 for g/kg units conversion)
Ic C SatQP a.622*SurfVapPr/SurfAirPr-SurfVapPr

-IC ( RelNiam a P*((SurfPr-VaporPr)/(0.622ZVaporPr))/1000*100%
VPO =VapPr(R~ond~ata011 2))
S~aeta.RhNN RSodwMatad1 ,3)*(Psfc-vP0)/(O.622*~VPO)/1000.0*100.0

I COP set to mixing ratio in radiosonde mess at Lowest altitude
SOData.Qp =RSondl~ata(1,3)

else
SO~ata.RIIH c 80.0
v'pD 0.8 * vappr(S0Oata.T10) Ic (Vapor Press assumes Ru of BOX)
SO~ata.Op & 623.0 * vpO /(1000.0 -vpO) I c (sgg fix 1/18/91)

endi f
end if
end I ( AssignTlO kIII o-Q
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SU;ROUTINE AssignRSondeVars(RSordData, RSOata, RSCalc, SODate)

c ( Purpose: Assigns radiosonde parameters from array to RSOata & RSCatc 3
c ( Called by: NOVAISRO.FOR )
c ( Global Variables: RSOata & RSCatc

........................................--------------.......
C ( 10 Oct W991 Charles McGrath created from sufin procedure & unovam)
C ( Nov 1992I Linda Hitney converted from PASCAL to FORTRAN )
c ( Sep 1993 S. Gathamn integrated into NOVA1SR )

C ( RstiO is surface potential tamp from radiosonde )
c ( Rscp Is surface mixing ratio from radlosonde )
c ( Zbase & Zb are height of base of cloud layer )
c ( Tmb is potential temperature at cloud base - )
c ( amb is mixing ratio at cloud base - )
c ( Tunits should be I if potential temperature C. )
c ( Tbp is potential temperature at cloud base * )
r ( Qbp is mixing ratio at cloud base * )
C ( Zi is height of the cloud top )
C ( Thim is potential temperature at cloud top - )
C ( aim is mixing ratio at cloud top - I
c ( Quaits should be 1
c C Tip is potential temperature at cloud top * )
c Uip is mixing ratio at cloud top * I
€ C .................................................................. )

real RSondDsta (200,3)
real Lcpgkg,Psfc

include IrscaLc.inc'
include 'rsdate.inc'
include 'sodats.inc'

RSData.RstlO ItSonete(i,2)
RSOata.Rsqp = RSondDmta(1,3)
ItSOata.Zbase = RSondrDta(2,1)
RSData.Tmb u RSondD.to(2,2)
RSData.abm = RSonata(2,3)
RSDa&u.Tuni5ts -_lta(3,1ý
RSData.Tbp * RSondData(3,2)
RSDat&.Qbp * RSandData(3,3)
RSData.Zi * RSondDsta(4,1)
RtData.Thim RSorndDta(4,2)
RSOat&.Qim RSondDate(4,3)
RSDsat.QAunits a RSorICat&(S,1)
RSDat&.Tip a RSondata(5,2)
RSData.aip a RSondData(5,3)

c (--* define met parameters needed by models in ternm of inputs. -- )

RSCatc.Zinv a RSData.zbase
RSCakc.Thab t SO0ta.T110*274.15
Tave a RSCatc.Thab-0.O049*RSCatc.ZinY
RSCatc.Fthet a RSCatc.Thab/Teve
RSCaLc.Tdelta x SOOats.TlO-SOsta.YTSea

cC...................................................... )

"c I I This is an approximation to the I
c I I goff-gatch iormuta which is good I
c I ( to 1/2 % error for - to over 25 deg. )
c C 1 List (1968). )• * ~~( ............... _...................................... )

Psfc - 1013.0 1( surface pressure in millibars )
Lcpgkg = 2.46
Qsfc z 6.112*EXP(17.67'SOData.TSea/(SOOata.7Seam243.S))
Qsfc z 622.0*0sfc/(Psfc-Qsfc)
RSCaic.delta SOOata.Op-osfc
RSCotc.TtOe a SOOat. T10.Lcpgkg*SOData.Qp
RSCalc.We = 1.0
RSCsLc.Wstr a .001
end I (procedure AssignRSondeVars)
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SUBROUTINE preob( infsof ,preu 
t lC wuulng.e).

C take as input the ,fittered" u-ur

C (purpose: This is a progarnwhi'lch tksa r.tte"itrd

c ( ~signficant levels from~ the processed dat& and produces an )

C (acceptable preamble for the WDVAM input data.)

C Called. b:....... O......... ............................... .

c -- S e-- --------t h a r L o g i c d e s i g n e d

integer flag
integer in;)utj$eo"" ,nOVr20)pes20)Srt20
real gradien~tl20),%Mt20Q),pt(2Q)hrZO~
rta(I preaffbte(5,

3)
real rh(200)
reel rwiXing.rotio,tsivrr
character' 1 2 inf ite.imt sot

tow~rr-.O.19
inputBI
sofm=16
novMWITi
infitem'sigfile'

OWen(si tusaf, f i ea inf sof, statwsm'old )

jai

resd(input,*) P.et,h
pres(J)mp
alrt(j )rnt
rh(J) at
alt(j)nAtttft~d(p)
pt(j )ePot 0 'tial.tahlprature(p,at)
W(J)mrnh1ixing~ratioihatep)
j-j+l
do i -2 , rj
cead(input.)pa~
if Cp.LT.pr 6(j-1)) then

pres( j)up
airt(j)cat
rh(j) wh

ptU ,rnPotetntialSt"er~ture(p,at)

j.j+1

do jai ~*'- (generate the gradient for each level)

detteapPres(Wil).pres( i

* ~delt~taairt(iW)-birt( i)
if c~b~etp.I09.m.(b~ett.Ttfpr) 

then

gradientC e)dettAt/deltaP
else

- ~gradient( I )uQ,

endi $
enddo

I (set up4 default preb~le)
prow"Ae MI. sluN

read(sof,*) ast,at,h-231
prewbtle(1,2)z(at*27¶.5)lxtoy(1000O/10

3  -273.15

preariOm-h600lep~tllD.*iO30vpplt)
preairblt(Z5.¶)9qq

0 I(set def3Ult values)

vreaiitltC(4.1¶)E999.O

preetltle5,iz1)-0
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do iz2 , S I (sets up a defautt no date preafltie.)
do J-2 I

prewab It i , j)--999.0

V.-Ifo I (The variable Nftag" determtines how
I many inversions there are.)

do l*1 , W134-2
I begin (Looking for gradients)
If ((gradient(i).T.0.0) .and. (flg .EQ. 0)) then~

preambe(2,1)xalt(i) I (Looking for first inversion)

fleagl I (Flag remembers wh4ere we are in getting values)
tumplapt(i)

endi f

it (Cgradlient(i).T.O.0) ."n. (fag .EQ. 1)) then
prswfI*le3,2iwpt(i)

Preumtle(3,3)umr(0i

endif

c Checking to see if the inversion is deep enough for a real one.

if((fLbtb eq. 2) .and. ((tuip2-tewrpI).lt. 1.5) then
fiag-0
preantbLe(3, 2w-"99
preaniole(3,3)*-999
presabItL(2,2)z-999
presobte(2,3)x"999
preaeibe(2 i )*-999

endi I

if (((gradientMi).L.O.0). and. (flog .EQ. 2))
S .n.(preaml.C2,t).LT.(alt(i)-i00))) then

premmbLe(4,1)=aLtMi I (Looking for second inversion)
preambLe(4,2)zpt0i)
preaibleC4,3)amr(i)

end Iff

if ((gradient(l).Gr.0.0) .and. (flag .EQ. 3)) then

preairble(S,3)-mrMl
fi agr4

"edif
if ((fag .eq. 4) and. ((taerp4-temp3) A t. 1.5)) then

I lag=2
preanbt e(4,1 )-.99
preaft~le(4,2)z.99
prea*x6e(4 ,3)z 999
prean*ble(5 ,2)z-999
preaavbLe(5 ,3)=-999

endif

if C(flag.GE.1) eand. (preanbte(3,2) .EO. -999.0)) then
lbegin (we can't leave an uaidefired inversion cap.)
prew,rlle(3,2)=pt(n&Jn-2)
preaubt v(3.3):fhr(n~n-2)

endif

if ((fag.GE.3! and. (preanbt~e(5,2) .EQ. -999.0)) then
Ibegin (w* cxsc. Leave an urdefined inversion cap.)
presvbLe(¶ý,L-pt (nuii-2)
pre&,obke(5 .3)=mr(rni~i-2)

endi f
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if((It~ag.G.3) amnd. (preambte(5.
2) .EQ. preaI-Oke(

4,2))) then

I begin (we can't teave an Wnciefifed inversion cap.)

preuatje(S Z)-prgeiTtbt(4.Z)+l

if (Mfag.GE.3) .and. (prewob1aC5.
3) .EQ. pre50btt4,

3 M) thenl

ibegin (we can't g*ave an undefined inve~rsion cap.)

CLOSO..vpst)
* ctose(sof)

END I preau*
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